W4-.CCT- 1*31/5 


W-a 


94th   Congress  1  JOINT   COMMITTEE  PRINT 

2d   Session      J 


PRIORITIES  AND  EFFICIENCY  IN  FEDERAL 
RESEARCH  AND  DEVELOPMENT 


A  COMPENDIUM  OF  PAPERS 

SUBMITTED  TO  THE 

SUBCOMMITTEE  ON  PRIORITIES  AND  ECONOMY 
IN  GOVERNMENT 

OF  THE 

JOINT  ECONOMIC  COMMITTEE 
CONGRESS  OE  THE  UNITED  STATES 

WITH    THE   ASSISTANCE   OF   THE 

CONGRESSIONAL  RESEARCH  SERVICE 

OF    THE 

LIBRARY  OP  CONGRESS 


'•■$* 


mar 


*1 

4o  S 


1977  "«* 


OCTOBER  29,  1976 


C3    tV 


Printed  for  the  use  of  the  Joint  Economic  Comniitfteewr/-/'' 


Ws^> 


ro-soi 


U.S.  GOVERNMENT  PRINTING  OFFICE 
WASHINGTON  :   1976 


For  sale  by  the  Superintendent  of  Documents,  U.S.  Government  Printing  Office 
Washington,  D.C.  20402  -  Price  $1.40 


JOINT  ECONOMIC  COMMITTEE 

[Created  pursuant  to  sec.  5(a)  of  Public  Law  304,  70th  Cong.] 

HUBERT  H  HUMPHREY,  Minnesota,  Chabmtm 

RICHARD  BOLLING,  Missouri,  Vice  Chairman 


SI  NATE 
JOHN  SPARKMAN,  Alabama 
WILLIAM  PROXMIRE,  Wisconsin 
A  L.LAI  I  AM  KIL.ICOFF,  Connecticut 
LLOYD  M.  BBNTSEN,  Jr.,  Texas 
EDWARD  M.  KENNEDY,  Massachusetts 
.1  \<  OB  K.  JAVITS,  New  York 
CHARLES  H.  PERCY,  Illinois 
ROBERT  TAFT,  Jr.,  Ohio 
WILLIAM  V.  KOTH,  Jr.,  Delaware 


HOUSE  OF  REPRESENTATIVES 
HENRY  s.  BEU8S,  Wisconsin 
WILLIAM  S.  MOORHEAD,  Pennsylvania 
EEL  II.  HAMILTON,  Indiana 
GILLIS  W.  LONG,  Louisiana 
OTIS  Q.  PILL.  N. •  .  York 
CLARENCE  J.  BROWN,  Ohio 
GARRY  BROWN,  Michigan 
MARGARET  M.  HECKLER,  MassacL 
JOHN  H.  ROUSSELOT,  California 


John  R.  Stark,  Executive  Director 
Richard  F.  Kaufman,  Central  Counsel 


William  R.  Buechner 
O.  Thomas  Cator 
William  A.  Cox 
Li  <  v  A.  Lai.'  ONI 


Charles  II.  Bradford 


Economists 

Robert  D.  Ham  kin 
SABAH  Jackson 
John  R.  Karlik 
L.  Douglas  Lee 

Minority 

George  D.  Krumbhaar,  Jr. 
Mark  R.  Policinski 


Philip  McMartin 
Ralph  l.  Sghlosstbim 

Couktenav  M.  Slater 
George  R.  Tvi.ii: 


M.   Catherine  Miller 


Subcommittee  on  Priorities  and  Economy  in  Government 
WILLIAM  PROXMIRE,  Wisconsin,  Chairman 


SENATE 
JOHN  SPARKMAN,  Alahama 
ABRAHAM  RIBICOFP,  Connecticut 
HUBERT  II.  HUMPHREY.  Minnesota 
EDWARD  M.  KENNEDY.  Massachusetts 
CHARLES  H.  PERCY,  Illinois 
ROBERT  TAFT,  Jr.,  Ohio 


HOUSE  OF  REPRESENTATIVES 
LEE  H.  HAMILTON,  Indiana 
GILLIS  W.  LONG,  Louisiana 
OTIS  G.  PIKE,  New  York 
JOHN  H.  ROUSSELOT,  California 
CLARENCE  J.  BROWN,  Ohio 
GARRY  BROWN,  Michigan 


(ID 


LETTERS  OF  TRANSMITTAL 


October  22, 1976. 
To  the  Members  of  the  Joint  Economic  Committee: 

Transmitted  herewith  is  a  compendium  of  papers  entitled  "Priorities 
and  Efficiency  in  Federal  Research  and  Development,"  prepared  for 
the  Subcommittee  on  Priorities  and  Economy  in  Government  and  the 
Library  of  Congress  by  William  D.  Carey.  Louis  Fisher,  Edwin 
Mansfield,  Albert  H.  Rubenstein  and  Lester  C.  Thurow. 

This  compendium  results  from  Senator  William  Proxmire's  con- 
cern about  the  allocation  of  Federal  funds  for  research  and  develop- 
ment and  the  way  those  funds  are  spent.  In  view  of  the  large  annual 
outlays  in  this  area,  the  Subcommittee  saw  a  need  to  obtain  inde- 
pendent reviews  by  outside  experts  of  the  procedures  followed  by  the 
executive  and  legislative  branches,  and  assessments  of  the  quality  of 
information  available,  in  the  determination  of  research  and  develop- 
ment priorities,  policies,  programs  and  project  support  levels. 

As  the  studies  concern  ways  to  improve  research  and  development 
allocation  decisions  and  enhance  the  beneficial  effects  of  research  and 
development  on  the  economy,  I  believe  the  Members  of  the  Joint  Eco- 
nomic Committee  will  find  them  most  useful. 

The  responsibility  for  planning,  coordinating  and  editing  the  studies 
was  carried  out  by  Richard  F.  Kaufman,  General  Counsel  of  the  Com- 
mittee, Susan  Doscher  Underwood  of  the  Library  of  Congress,  and 
Larry  Yuspeh  of  the  Committee  staff.  The  assistance  of  Walter  Hahn 
of  the  Library  of  Congress  and  Ellen  Crosby  of  the  Committee  staff  is 
gratefully  acknowledged. 

The  views  expressed  in  the  study  are  those  of  the  authors  and  do  not 
necessarily  represent  the  views  of  the  Members  of  the  Joint  Economic 
Committee. 

Hubert  H.  Humphrey. 
Chairman,  Joint  Economic  Committee. 


October  18.  1070. 
Hon.  Hubert  H.  Humphrey, 
Chairman,  Joint  Economic  Committee, 
U.S.  Congress,  Washington,  B.C. 

Dear  Mr.  Chairman  :  Transmitted  herewith  is  a  compendium  en- 
titled "Priorities  and  Efficiency  in  Federal  Research  and  Develop- 
ment." The  compendium  consists  of  five  studies  authored  by  William 
D.  Carev,  Louis  Fisher,  Edwin  Mansfield,  Albert  H.  Rubenstein.  and 
Lester  C.  Thurow. 

The  Subcommittee  on  Priorities  and  Economy  in  Government  has 
long  been  concerned  with  the  way  Federal  funds  for  research  and 
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development  are  allocated  and  spent.  An  estimated  $23.5  billion  will 
be  spont  by  the  Federal  Government  for  research  and  development  In 
fiscal  year  1977.  Of  that  sum  about  $14.9  billion  oi  63  percent  will  be 
spent  for  military  and  space  activities.  The  Subcommittee  saw  a  Deed 
to  obtain  independent  studies  from  outside  experts  because  of  the  high 
annual  outlays  of  public  funds,  their  concentration  in  the  areas  of  mili- 
tary and  space  activities,  the  fragmentation  and  apparent  lack  of  co- 
ordination of  decisionmaking  and  review  in  the  executive  and  Legisla- 
tive branches  and  the  absence  of  good  information  about  the  economic 
and  social  benefits  of  research  and  development. 

The  compendium  was  undertaken  to  shed  light  on  the  way  Federal 
research  and  development  decisions  are  made,  the  relative  priorities  of 
different  types  of  activities,  the  results  of  federally  supported  pro- 
grams, and  their  effects  on  the  economy.  It  was  hoped  that  the  studies 
would  highlight  the  strengths  and  weaknesses  in  existing  decisionmak- 
ing procedures.  I  believe  the  studies  accomplish  the  intended  purposes 
and  that  they  also  underline  the  need  for  additional  studies. 

The  studies  were  performed  under  five  topic  areas  selected  by  the 
Subcommittee  and  the  Library  of  Congress.  For  each  topic,  a  series 
of  issues  of  particular  interest  were  developed  to  serve  as  general 
guidelines  to  the  authors. 

The  responsibility  for  planning,  coordinating  and  editing  the  studies 
was  carried  out  by  Richard  F.  Kaufman.  General  Counsel  of  the  Com- 
mittee. Susan  Doscher  Underwood  of  the  Library  of  Congress,  and 
Larry  Yuspeh  of  the  Committee  staff.  The  assistance  of  Walter  Halm 
of  the  Library  of  Congress  and  Ellen  Crosby  of  the  Committee  staff  is 
gratefully  acknowledged. 
Sincerely. 

William  Proxmire, 
Chainnan,  Subcommittee  on  Priorities 

and  Economy  in  Government. 
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THE  RELATIONSHIP  BETWEEN  DEFENSE-RELATED 
AND  CIVILIAN-ORIENTED  RESEARCH  AND  DEVELOP- 
MENT PRIORITIES 

By  Lester  C.  Thurow* 

I.  Historical  Allocations 

The  period  from  the  end  of  the  Korean  war  to  the  middle  of  the 
Vietnam  war  was  one  of  growing  research  and  development  efforts  on 
all  fronts.  Dollar  spending  rose  fivefold  from  1953  to  1969 ;  real  spend- 
ing rose  over  threefold.  As  a  fraction  of  the  Gross  National  Product, 
R.  &  D.  expenditures  doubled  from  iy2  percent  to  3  percent.  The  shares 
of  different  R.  &  D.  sectors  rose  and  fell  as  the  growth  rates  of  different 
sectors  fell  behind  or  lead  other  sectors,  but  all  sectors  experienced 
rapid  real  growth. 

Defense  peaked  at  53  percent  of  the  total  effort  at  the  height  of  the 
missile  gap  in  1959.  Space  reached  its  maximum  share  at  20  percent 
of  the  total  in  1965  in  the  all  out  effort  to  place  a  man  on  the  moon. 
With  rapidly  rising  defense  and  space  R.  &  D.  private  civilian  expend- 
itures fell  from  47  percent  to  35  percent  of  the  total  effort  in  1963. 
but  by  1974  they  had  returned  to  47  percent  of  the  total  effort.  Federal 
civilian  R.  &  D.,  heavily  medical  R.  &  D.,  rose  slowly  from  5  to  15 
percent  of  the  total  effort  before  leveling  off.  (See  table  1.) 

TABLE  1 1 
[Percent  of  total  R.  &  D.] 


Year 


Total 

R.  &  D.  R.  &  D. 

(dollars  in  as  percent 

billions)  ofGNP 


Private 
civilian 


Total 
Federal 


Federal 
defense 


Federal 
space 


Federal 

civilian 


Federal 
R.  &  0 
as  percent 
of  Federa  I 
expendi- 
tures 


1953 5,207 

1954 5,738 

1955 6,279 

1956 8,483 

1957 9,912 

1958 10,870 

1959 12,540 

I960 13,730 

1961 14,552 

1962 15,665 

1963 17,371 

1964 19,214 

1965 20,439 

1966 22,264 

1967 23,513 

1968 25,119 

1969 26,169 

1970 26.545 

1971 27.336 

1972 29,208 

1973 30,630 

1974 32,100 


1.4 
1.6 
1.6 
2.0 
2.2 


3.0 
3.0 
3.0 
3.0 
2.9 
2.8 
2.7 
2.6 
2.5 
2.4 
2.3 


47.0 
45.3 
44.1 
42.7 
38.3 
37.5 
35.7 
36.3 
35.3 
36.7 
35.4 
34.7 
35.2 
37.1 
39.0 
40.5 
43.0 
44.4 
45.1 
44.8 
45.8 
46.9 


53.0 
54.7 
55.9 
57.3 
61.7 
62.5 
64.3 
63.7 
63.7 
63.3 
64.6 
65.3 
63.8 
62.9 
61.0 
59.5 
57.0 
55.6 
54.9 
55.2 
54.2 
53.1 


47.8 
48.2 
47.4 
48.6 
52.2 
52.0 
53.3 
51.6 
49.2 
47.0 
40.6 
36.1 
32.3 
32.0 
33.9 
33.9 
33.5 
32.1 
31.0 
29.5 
28.7 
29.8 


0.8 

.9 

1.0 

.9 

1.0 

1.0 

2.5 

3.1 

5.5 

6.7 

13.7 

18.7 

20.4 

19.0 

14.3 

13.1 

11.1 

10.2 

9.1 

10.5 

10.2 

9.0 


4.7 
5.6 
7.5 
7.8 
8.5 
9.5 
8.5 
9.0 
9.0 
9.6 
10.3 
10.7 
11.1 
11.9 
12.8 
12.5 
12.4 
13.3 
14.8 
15.2 
15.3 
15.2 


7 

6 

,9 

9.4 

9.1 

9.0 

9.8 

10.6 

10.5 

9.8 

8.8 

8.2 

7.9 

7.3 

6.8 

6.6 

6.3 

5.7 


»  National  Science  Foundation   "National  Patterns  of  R.  &  D.  Resources,  1953-1974."  Government  Printing  Office,  1974, 
p.  30.  f 


*Mr.  Thurow  is  a  professor  of  economics  and  management,  Massachusetts  Institute  of 
Technology,  Cambridge,  Mass. 
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By  1969,  R.  A  1).  expenditures  had  quit  growing.1  Military  and  space 
expenditures  were  falling  faster  than  civilian  expenditi  ex- 

panding. By  1972  both  private  and  Federal  civilian  real  expenditures 
also  falling.  Total  R.  &  D.  retreated  from  its  peak  of  3  percent  of 
GNP  to  2.8  percent  of  GNP  in  11)74  with  the  end  of  a  declining  share 
clearly  not  yet  in  sight. 

II.  A  False  Dichotomy:  Civilian  Versus  Military 

This  paper  focuses  on  the  interrelationships  between  civilian  and 
military  R.  &  I).,  but  this  interrelationship  should  not  be  taken  to  mean 
civilian  versus  military  R.  &  D.  Any  attempt  to  dichotomize  R.  £  1). 
into  two  neat  categories,  civilian  and  military,  and  to  then  make  choices 
between  the  two  is  a  mistake.  Ultimately  choices  must  be  made  between 
civilian  and  military  priorities,  but  there  are  many  issues  that  span 
both  sectors.  Subsectors  with  the  military  or  civilian  budgets  are 
often  more  similar  to  subsectors  in  the  other  area  than  they  are  to  other 
subsectors  in  their  own  budget.  Often  it  is  impossible  to  tell  whether 
research  is  civilian  or  military. 

Initial  researchers  in  atomic  physics  did  not  know  that  their  re- 
search would  lead  to  the  atomic  bomb  or  to  nuclear  powerplants.  Was 
this  research  military  or  civilian?  Medical  treatments  for  gun  shot 
wounds  have  obvious  military  applications  but  in  the  normal  year 
there  are  many  more  civilian  gun  shot  wounds  than  military  gun  shot 
wounds.  Is  research  on  treating  gun  shot  wounds  military  or  civilian  '. 
Research  on  treating  casualties  from  nuclear  fallout  during  wars  is 
obviously  military  research  yet  it  is  pertinent  to  accidents  in  nuclear 
power  plants  and  has  more  in  common  with  health  and  environmental 
research  than  it  does  with  research  on  weapons  systems  for  destroying 
lives  and  property.  Research  on  chemicals  to  retard  or  stimulate  plant 
growth  may  be  equally  useful  in  both  the  civilian  and  military  areas. 

As  these  examples  indicate  the  allocation  of  research  and  develop- 
ment funds  requires  a  more  complex  form  of  analysis  that  any  simple 
categorization  into  military  and  civilian  will  allow.  In  the  end.  how- 
ever, it  is  only  by  building'up  this  more  complex  mode  of  analysis  that 
will  make  it  possible  to  make  intelligent  choices  between  military  and 
civilian  R.  &  D.  expenditures. 

III.  A  Limited  Role  for  Cost-Bexefit  Analysis 

In  theory7  R.  &  D.  expenditures  could  be  determined  in  an  applica- 
tion of  cost-benefit  analysis.  Using  an  appropriate  interest  rate  to  re- 
flect the  value  of  alternative  uses  of  funds,  discounted  benefits  could 
be  compared  with  discounted  costs.  Wherever  discounted  benefits  ex- 
ceed discounted  costs  projects  would  be  undertaken.  Wherever  dis- 


1  Tnless  it  Is  possible  to  measure  output  it  is  not  possible  to  construct  an  accurate  deflator 
to  determine  real  expenditures.  Since  R.  &  D.  output  cannot  be  accurately  measured,  current 
dollar  expenditures  are  deflated  by  a  deflator  that  is  made  up  of  50  percent  of  the  GNP 
deflator  for  services,  25  percent  of  the  GNP  deflator  for  durable  goods,  and  25  percent  of 
the  GNP  deflator  for  structures. 


counted  costs  exceed  discounted  benefits,  projects  would  be  rejected.2 
Optimum  total  expenditures  are  simply  the  summation  of  all  of  the 
economically  viable  K.  &  D.  projects  and  each  sectors  share  is  similarly 
determined  by  how  many  of  its  projects  can  generate  positive  net  pres- 
ent. values.3 

In  practice  the  formalized  structure  of  cost-benefit  analysis  is  of 
little  help  in  determining  total  R.  &  D.  budgets  or  in  its  allocation  to 
seetors.  In  R.  &  D.  the  fundamental  fact  of  life  is  uncertainty.  The 
policy  planner  and  the  researcher  are  always  uncertain  as  to  how  many 
benefits  will  emerge  and  are  often  uncertain  even  about  the  types  of 
benefits  that  will  emerge. 

It  is  important  to  understand  that  uncertainty  is  fundamentally 
different  than  risk.  With  risk  a  project  may  succeed  or  fail,  but  the 
policy  planner  has  some  idea  of  the  objective  probabilities  of  success 
or  failure.  As  a  result  he  can  apply  simple  mathematical  tools  to  use 
expected  values  (or  whatever  other  measure  his  loss  function  would 
imply)  in  his  cost-benefit  analysis.  The  anlysis  becomes  slightly  more 
complex  with  risk,  but  is  basically  unchanged. 

In  the  case  of  uncertainty  the  planner  does  not  know  the  object  ive 
probabilities  of  success  or  failure  and  cannot  use  mathematics  to  con- 
vert his  problem  into  one  suitable  for  formal  cost-benefit  analysis.  Un- 
fortunately, the  R.  &  D.  process  is  not  so  much  risky  as  it  is  uncertain. 
This  means  that  it  is  impossible  to  estimate  objective  costs  and  benefits. 
Instead  it  is  necessary  to  use  subjective  estimates  of  knowledgeable 
individuals  as  to  what  costs  and  benefits  might  be.  There  are  no  analyt- 
ical estimates.  This  means  the  real  problem  is  to  pick  the  best  or  most 
accurate  subjective  estimate  or  the  range  of  possible  costs  and  benefits. 

Constructing  subjective  estimates  of  costs  and  benefits  and  picking 
the  most  likely  subjective  estimates  can  be  described  as  cost-benefit 
analysis,  but  it  is  not;  it  is  fundamentally  different.  It  involves  an  un- 
certainty and  a  degree  of  choice  that  turns  the  problem  into  one  far 
different  from  that  designed  to  be  solved  by  the  formalized  application 
of  cost-benefit  analysis. 

R.  &  D.  also  suffers  from  the  problem  of  non  commensurability  that 
afflicts  many  other  expenditure  areas.  Benefits  or  objectives  are  not 
easily  or  naturally  comparable.  What  is  the  relative  weight  to  be  as- 
signed cancer  prevention  versus  national  defense?  Do  lives  saved  in 
each  activity  count  equally  ?  When  economists  talk  about  non-commen- 
surability  they  simply  mean  that  it  is  impossible  to  compare  two  sets 
of  benefits  without  making  explicit  value  judgments  about  the  relative 
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NPV  =  npt  present  value 
B  =  benefits 
Crzr-osts 
i— discount  rate 
trrMme 
8  For  a  discussion  of  the  analytical  techniques  of  cost  benefit  analysis  see :   Stepnen 
Marglln,  Public  Investment  Criteria:  Benefit-Cost  Analysis  for  Planned  Economic  Growth. 
MIT  Press,  Cambridge,  1967. 


worth  of  two  objectives.  Fortunately  or  unfortunately  there  are  no 
Analytical  techniques  that  will  let  the  poller  maker  (Congress  or  the 
President)    avoid  the  difficult   moral  problem  of  having  to  assign 

weights  to  the  relative  worth  of  national  defense  and  curing  cancer. 

These  social  moral  judgments  simply  must  come  out  of  the  politic-! ! 
proc 

Because  of  the  value  judgment  problem  cost-benefit  analysis  has 
seldom  been  used  to  compare  programs  in  different  areas  of  govern- 
ment. Instead  cost-effectiveness  analysis  is  used  within  separate  areas 
to  determine  the  best  techniques  for  obtaining  some  objective  without 
any  effort  to  determine  the  relative  worth  of  different  objectives  in 
different  a  reus.  Since  R.  &  I),  expenditures  cover  many  different  areas, 
the  value  judgment  problem  cannot  be  ignored. 

This  does  not  mean  that  policy  makers  will  not  eventually  have  to 
determine  the  relative  weights  of  cancer  and  national  defense.  1 
ting  their  budgets  they  implicitly  do  and  will  make  sueh  decisions,  but 
there  is  no  analytically  correct  way  to  make  sueh  decisions.  The  prob- 
lem is  simply  one  of  judgment  and  the  judgment  nature  of  the  problem 
cannot  be  changed  by  semantically  describing  the  judgment  as  cost- 
benefit  analysis.  To  do  so  is  only  to  obscure  the  true  nature  of  the 
problem.4 

Because  of  the  preceding  problems,  cost-benefit  analysis  has  seldom 
been  used  in  allocating  R.  &  D.  Various  pieces  of  the  apparatus,  how- 
ever, could  be  modified  and  used  to  improve  the  allocation  of  R.  &.  I). 
funds.  If  there  were  one  procedure  that  might  improve  the  process  of 
R.  &  D.  budgeting,  it  would  be  to  insist  that  all  project  show  a  range 
of  possible  costs  and  benefits.  Ideally  each  project  should  show  ranges 
of  possible  costs  and  benefits  estimated  by  more  thav  our-  individual 
or  group.  It  cannot  be  emphasized  too  much  that  any  single  dollar  esi  i- 
mate  (point  estimate)  is  fundamentally  misleading.  With  uncertainty 
no  one  knows  the  cost  and  benefits  of  any  R.  &  D.  projects.  At  best  they 
can  only  know  the  range  of  possible  costs  and  benefits.  Given  this 
reality,  neither  the  Congress  nor  the  President  should  make  their  deci- 
sions using  point  estimates  in  their  deliberations  on  either  military  or 
civilian  projects. 

In  addition  to  ranges  of  probable  costs  and  benefits,  each  project 
should  have  an  estimate  of  the  maximum  possible  benefit  that  could  be 
expected,  it  would,  for  example,  be  relatively  easy  to  calculate  the 
economic  benefits  of  an  R.  &  D.  breakthrough  that  let  us  double  the 
yield  of  soybeans.  The  probable  costs  and  benefits  might  not  be  known 
with  any  accuracy,  but  the  maximum  benefits  might  be  known  with 
great  accuracy. 

Having  an  estimate  of  maximum  gains  makes  it  possible  to  com- 
pare the  range  of  estimated  costs  with  the  maximum  gains  to  see  if  the 
project  makes  any  economic  sense.  An  excess  of  the  maximum  benefits 
over  the  range  of  possible  costs  does  not  guarantee  that  the  project 
will  yield  positive  net  benefits  (costs  may  exceed  the  expected  range  or 
the  maximum  benefits  might  not  occur)  but  it  probably  constitutes  a 
good  minimum  criterion.  If  the  maximum  possible  gains  do  not  ex- 
ceed the  range  of  possible  costs  by  some  substantial  margin,  the  project 
should  not  be  undertaken.  At  the  verv  least  maximum  benefit  calcula- 


*  For  a  discussion  of  the  limitations  of  cost  benefit  analysis  see  :  Peter  O.  Steiner.  "Fub- 
'■pndlture  Budgeting",  In  The  Economics  of  Public  Finance.  The  Brooklncrs  Institu- 
tion, 1074. 


tions  place  an  upper  bound  on  the  size  of  programs  that  should  be 
mounted  in  different  areas.  They  also  force  the  proponent  of  any  pro- 
gram to  state  what  the  benefits  are  supposed  to  be. 
3  While  it  may  not  be  desirable  to  place  an  explicit  dollar  value  on  all 
objectives,  similar  maximum  benefit  calculations  should  be  made  in 
each  area.  Everything  else  being  equal  a  disease  killing  only  a  few 
people  does  not  merit  the  effort  of  a  disease  killing  many  people.  The 
maximum  benefits  of  programs  saving  lives  should  be  compared  with 
each  other  even  if  they  are  not  analytically  compared  with  programs 
that  generate  monetary  gains.5  The  same  holds  true  for  military 
programs. 

Leaving  aside  basic  research  for  the  moment,  applied  research  and 
development  expenditures  should  be  reviewed  by  lumping  together 
those  expenditures  that  generate  commensurate  benefits.  Within  each 
area  analytical  studies  could  be  undertaken  as  to  the  relative  merits  of 
different  projects  even  if  informed  judgment  is  ultimately  necessary 
to  make  selections  across  areas  with  non-commensurate  benefits. 

A  variety  of  divisions  could  be  suggested,  but  I  would  suggest  a 
four  category  split — national  independence,  life  saving,  economic 
goods  and  services,  and  non-economic  quality  of  life  goods  and  serv- 
ices. The  national  independence  category  would  include  research  on 
defense,  space,  foreign  affairs,  and  intelligence.  The  life  saving  cate- 
gory would  include  research  on  health,  safety,  wartime  casualties  and 
environment  programs  designed  to  save  lives.  The  economic  goods  and 
services  category  would  include  research  designed  to  development  or 
improve  economic  goods  and  services.  The  non-economic  quality  of 
life  goods  and  services  category  would  include  research  and  develop- 
ment on  those  goods  and  services  that  contribute  to  the  quality  of 
life  but  which  are  not  conventionally  sold  in  the  U.S.  economy  (clean 
air.  etc.). 

The  reasons  for  this  fourway  breakdown  are  twofold.  First,  com- 
parisons should  be  made  across  as  wide  an  area  as  is  feasible.  Xon- 
commensurability  certainly  exists,  but  it  should  not  be  exaggerated. 
For  example,  it  is  possible  to  compare  the  effectiveness  of  various 
projects  for  preserving  national  independence  even  if  it  is  not  possible 
to  compare  these  programs  with  life  saving  programs,  economic  pro- 
grams, or  non-economic  (quality  of  life?)  programs.  Similarly  each 
of  the  other  areas  with  the  possible  exception  of  non-economic  goods 
and  services  has  a  natural  unit  of  measurement.  We  can  evaluate  life 
saving  programs  in  terms  of  the  number  of  lives  saved  and  economic 
programs  can  be  evaluated  in  terms  of  the  extra  dollars  of  GNP  gen- 
erated or  re-allocated.  Non-economic  quality  of  life  goods  and  services 
are  more  diverse  and  thus  harder  to  compare  with  each  other,  but  even 
here  a  few  general  measures  (indexes  of  pollution,  social  unrest, 
etc.)  might  be  used  to  compare  different  R.  &  D.  programs. 

Within  each  of  the  four  areas,  individual  E.  &  D.  projects  would  be 
expected  to  give  a  range,  and  even  more  desirably  several  ranges,  of 
possible  costs  and  benefits  and  an  estimate  of  maximum  benefits.  Bene- 
fits will  be  specified  differently  in  the  different  areas — capacity  to  de- 
stroy lives,  capacity  to  save  lives,  dollar  gains,  etc. — but  benefits  would 

6  In  fact  dollar  estimates  are  placed  on"human  life  using  what  is  called  the  value  of 
statistical  human  life.  This  value  is  gotten  by  observing  the  monetary  premiums  that 
individual?  must  he  paid  to  accept  ;jobs  with  a  higher  probability  of  being  killpd  on  the  .iob 
or  the  premiums  that  they  are  willing  to  pay  to  lower  their  probability  of  being  killed  in 
traffic  accidents  or  other  areas  where  death  is  possible. 
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be  nonetheless  specified,  Institutionally  this  would  require  that  both 
the  executive  and  congressional  branches  of  government  organize  them- 
selves to  look  at  commensurate  programs  rather  than  leaving  the  pro- 
grams spread  out  in  the  agencies  that  are  to  administer  them  and  the 
committees  which  supervise  these  agencies. 

IV.  Supporting  Basic  Capabxlehes 

tddition  to  the  distinction  between  military  and  civilian  research, 
the  other  traditional  distinction  has  been  between  that  of  basic  re- 
search.  applied  research,  and  development,  In  1974,  14  percent  of  the 
$32  billion  in  total  I\.  &  1).  spending  went  into  basic  research  23  per- 
cent went  into  applied  research,  and  63  percent  went  into  development. 
As  the  data  in  table  2  indicate  basic  research  is  60-percent  financed  by 
rnment  with  universities  contributing  another  20  percent  of  the 
financing.  Universities  spending  04  percent  of  the  total  funds,  how- 
ever. Within  the  $2.6  billion  of  Federal  funds  for  basic  research.  NASA 
ties  SO. 7  hi il ion,  HEW  provides  $0.6  billion,  the  NSF  provides 
$0.4  billion,  the  AEC  provides  $0.3  billion,  and  the  DOD  provides  $0.3 
billion  with  the  remaining  $0.3  billion  being  spread  across  the  rest  of 
government. 

At  the  applied  research  level  government  funding  drops  to  52  per- 
cent of  the  total  with  industry  funding  rising  to  40  percent  of  the 
total.  Private  industries  perform  54  percent  of  all  applied  research 
with  government  performing  slightly  more  of  what  remains  than 
universities  (22  percent  versus  17  percent).  Private  industries  are  a 
substantial  net  recipient  of  funds  at  the  applied  research  level.  In 
the  development  area  the  federal  government  funds  52  percent  of  the 
total  bill  with  all  of  the  rest  of  the  financing  coming  from  private 
industries  which  do  83  percent  of  the  total  work.  Most  of  the  remaining 
work  is  done  by  government  with  a  very  small  role  for  both  universities 
and  other  nonprofit  institutions. 


TABLE  2.1-PERF0RMANCE  AND  FUNDING  OF  R.  &  D., 

1974 

Total 

Basic 

Applied 

R.  &D. 

research 

research 

Develop- 

perform- 

perform- 

perform- 

ment 

ance 

Source  of 

ance 

Source  of           ance 

Source  of 

perform- 

Source of 

Institutions 

(percent) 

funds 

(percent) 

funds    (percent) 

funds 

ance 

funds 

Government 

15 

53 

13 

60               22 

52 

13 

52 

Industry 

67. 

41 

17 

15               54 

40 

83 

47 

Universities 

IS 

4 

64 

20               17 

6 

2 

0 

Other  nonprofit 

4 

1 

6 

5                7 

2 

2 

0 

1  NSF,  op.  cit,  p  4-5. 

While  the  distinctions  between  basic  research,  applied  research,  and 
development  are  useful  from  some  perspectives,  they  are  not  particu- 
larlv  useful  from  the  point  of  view  of  expenditure  allocation.  A  more 
useful  tripart  categorization  would  be  "basic  capabilities  P.  &  IV, 
"mission  oriented  P.  &  1).".  and  the  occasional  highly  focused  allout 
efforts  represented  by  the  Manhattan  project,  the  man-on-the-moon 
program  and  perhaps  the  war  on  cancer.  For  lack  of  a  better  name  the 
lattei  bo  called  "massive  mobilization  R.  &  D.".  All  three  of 


these  categories  would  contain  basic  research,  applied  research,  and 
development. 

"Basic  capabilities  R;  &  D.v  is  designed  to  build  up  a  general  fund 
of  knowledge  from  which  mission  oriented  R.  &  I),  and  massive  mobili- 
zation. R.  &  I),  can  flow  and  to  maintain  a  level  of  capabilities  that 
will  allow  the  country  to  rapidly  take  advantage  of  scientific  break- 
throughs wherever  they  may  occur  and  whoever  may  make  them.  Mis- 
sion orientated  R.  &  I),  is  more  focused  in  the  sense  that  it  is  possible 
to  state  where  benefits  are  to  be  expected  and  the  breakthroughs  that 
would  be  necessary  to  achieve  the  desired  benefits.  Massive  mobiliza- 
tion R.  &  I),  would  occur  when  the  mission  was  highly  defined,  when 
the  basic  scientific  knowledge  existed  to  support  a  massive  effort,  and 
when  the  benefits  were  perceived  as  so  large  that  the  country  was 
willing  to  devote  a  significant  fraction  of  its  resources  to  achieving 
these  specific  objectives. 

While  basic  capabilities  research  would  include  some  of  what  is  now 
called  basic  research,  most  basic  research  is  mission  orientated.  Con- 
versely, a  limited  portion  of  applied  research  and  probably  an  even 
more  limited  portion  of  development  expenditures  should  be  consid- 
ered basic  capabilities  research.  Basic  capabilities  can  be  labelled 
neither  military  nor  civilian  since  they  are  necessary  for  both  areas 
and  may  lead  to  break-throughs  in  either.  They  form,  establish,  and 
maintain  that  fund  of  knowledge  and  human  skills  out  of  which  it 
is  possible  to  make  either  civilian  or  military  progress. 

Historically  basic  capabilities  R.  &  I),  has  been  funded  out  of  what- 
ever mission  orientated  R.  &  D.  budget  is  popular  enough  to  stand  the 
strain.  At  one  point  the  DOD  R.  &  D.  budget  financed  much  of  our 
support  of  basic  capabilities.  Later  the  burden  was  shifted  toward 
space  and  in  more  recent  years  toward  HEW  and  the  "war  on  cancer." 
In  theory  the  National  Science  Foundation  exists  for  this  purpose, 
but  it  has  never  obtained  the  political  popularity  and  size  to  under- 
take the  support  of  basic  capabilities  in  addition  to  its  mission  orien- 
tated projects.  Instead  we  pretend  that  "basic  capabilities"  research  is 
in  fact  functional  mission  orientated  research  in  the  latest  area  of 
popular  interest. 

If  rational  R.  &  D.  allocation  procedures  are  to  be  followed  it  is 
necessary  to  think  directly  about  the  level  of  funding  necessary  to 
support  basic  capabilities.  As  long  as  it  is  buried  in  other  budgets  it 
cannot  rationally  be  analyzed  or  supported.  There  is  no  reason  why 
this  type  of  research  should  be  called  defense,  but  there  is  equally  no 
reason  why  it  should  be  called  civilian  or  part  of  the  "war  on  cancer." 
To  be  funded  rationally,  it  should  be  called  what  it  is  and  financed  on 
its  own  merits.  The  American  government  and  public  has  to  be  sophis- 
ticated enough  to  realize  that  a  certain  amount  of  research  has  to  be 
done  not  because  it  is  directly  related  to  current  problems,  but  because 
it  is  the  way  any  society  diversifies  its  risks  and  allows  itself  to  take 
advantage  of  the  break-throughs  that  might  occur  in  any  area. 

While  mission  oriented  research  should  be  funded  in  proportion  to 
the  range  of  benefits  that  can  be  generated  in  an  area  and  the  range 
of  possible  costs,  basic  capabilities  should  be  funded  in  a  very  different 
way.  There  are  two  separate  ingredients  that  should  go  into  the  fund- 
ing of  basic  capabilities. 
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First,  scientific  personnel  need  to  be  allocated  across  different  re- 
search areas  SO  that  the  country  will  he  aware  of  break-throughs  where- 
evcrthev  occur  and  so  thai  the  country  will  be  able  to  absorb  and  take 
advantage  of  these  break-throughs  whenever  they  do  occur.  Funda- 
mentally, uncertainty  as  to  where  advances  will  occur  means  that  DAS u- 
capabilities  research  expenditures  need  to  be  allocated  across  all  pos- 
sible areas  since  no  one  knows  or  can  know  where  useful  advances  will 
occur. 

This  does  not  mean  that  the  United  States  has  to  be  in  a  position  to 
pate  or  even  lead  vwry  break-through  in  knowledge.  It  simply  has 
to  have  enough  trained  manpower  in  an  area  to  take  advantage  of  a 
breakthrough  when  it  occurs.  This  is  true  even  in  areas  where  other 
countries  are  apt  to  keep  advances  in  knowledge  secret.  The  problem 
i>  similar  to  that  encountered  in  chess  books  on  end-games.  Once  it  is 
known  that  a  solution  is  possible — the  game  can  be  wron  in  four 
moves — it  is  not  difficult  to  find  a  solution.  When  the  Russians  knew 
that  an  A-bomb  or  H-bomb  could  be  made,  they  did  not  take  long  to 
catch  up.  Similarly  our  catch  up  time  in  the  space  area  was  very  short. 
The  difficult  problem  is  to  fund  a  solution  to  a  problem  or  to  advance 
knowledge  when  no  one  knows  whether  a  solution  or  an  advance  in 
knowledge  is  possible. 

Second,  to  determine  the  resources  necessary  to  maintain  basic  ca- 
pabilities, it  is  necessary  to  know  how  fast  knowledge  can  be  dissemi- 
nated and  how  fast  human  skills  can  be  built  tip  in  different  areas.  The 
faster  the  knowledge  can  be  disseminated  and  the  faster  human  skills 
can  be  built  up,  the  fewer  the  resources  that  need  to  be  permanently 
maintained  in  any  area. 

To  determine  the  amount  and  allocation  of  funds  necessary  to  main- 
tain basic  capabilities,  it  is  necessary  to  survey  the  different  areas  of 
human  research  to  determine  the  level  of  funding  that  would  be  neces- 
sary in  each  area.  It  should  be  emphasized  that  basic  capabilities  does 
not.  mean  current  capabilities.  Basic  capabilities  has  to  do  with  mini- 
mum level  of  resources  necessary  to  be  aware  of  and  absorb  the  ad- 
vances in  knowledge  in  any  given  area  and  the  minimum  level  of 
resources  consistent  with  a  future  need  to  expand  actiivties. 

If  the  distinction  is  made  betwreen  hot  field  where  useful  knowledge 
is  expanding  rapidly  and  cold  fields  where  knowledge  is  not  expand- 
ing rapily  or  cannot  easily  be  used,  basic  capabilities  has  to  do  with 
the  amount  of  resources  that  is  necessary  to  keep  a  cold  field  in  busi- 
1 1  is  to  be  expected  that  hot  field  will  be  allocated  funds  for  basic 
research,  applied  research,  and  development  over  and  above  what 
would  be  allocated  to  cold  fields. 

In  trying  to  determine  the  desirable  level  of  funding  for  basic  capa- 
bilities, it  is  necessary  to  go  beyond  the  traditional  disciplinary  areas 
(physics,  chemistry,  etc.)  that  have  developed  in  the  science  and  en- 
gineering areas  to  a  more  functional  approach  that  will  cut  across 
traditional  disciplinary  lines.  A  variety  of  categorizations  are  possible 
but  I  would  suggest  the  following  one : 

1.  Life  Sciences. 

2.  Agricultural   Sciences. 

3.  Environmental   Sciences. 

4.  Material  Sciences. 

5.  Energy  Sciences. 
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6.  Behavioral  Sciences. 

7.  Logical  Sciences  (math,  statistics,  computer  science  etc.). 

8.  Space  Sciences. 

9.  Equipment  Sciences. 

Such  a  categorization  can  be  useful  from  two  perspectives.  First  it 
is  output  orientated  and  focuses  attention  on  the  functional  areas  in 
which  we  are  ultimately  interested.  Second,  since  it  cuts  across  tradi- 
t  ional  disciplinary  lines,  it  is  easier  to  start  from  ground  zero  to  deter- 
mine the  resources  that  are  needed  in  each  area.  Vested  interests  are 
much  less  clearly  defined  and  known.  We  do  not  know  how  current 
funds  are  split  along  these  lines.  We  do  not  know  how  funding  along 
these  lines  would  affect  different  disciplines.  Different  individuals 
within  the  same  discipline  would  have  different  interests.  As  a  result 
such  a  categorization  is  much  more  likely  to  generate  realistic  estimates 
of  the  funds  necessary  to  support  basic  capabilities  than  any  categori- 
zation that  closely  follows  current  breakdowns.  Using  the  current  cate- 
gories is  apt  to  produce  a  defense  of  the  status  quo. 

While  basic  capabilities  research  would  be  funded  in  accordance 
with  the  effort  needed  to  maintain  basic  capabilities  in  each  of  the 
nine  suggested  areas,  mission  orientated  research  would  be  funded 
in  accordance  with  the  modified  cost-benefit  principles  outlined  ear- 
lier. Each  project  would  have  several  estimates  of  ranges  of  possible 
benefits  and  costs  and  an  estimate  of  the  maximum  possible  benefits. 
Using  this  data,  projects  would  be  funded  relative  to  some  combina- 
tion of  the  probable  net  benefits  but  would  never  be  funded  in  such  a 
manner  as  to  exceed  the  maximum  possible  benefits. 

Massive  mobilization  R.  &  D.  would  not  be  subject  to  such  cost  bene- 
fit analysis.  By  the  very  fact  that  the  research  has  the  character  of  a 
massive  mobilization,  society  is  certifying  that  the  benefits  approach 
infinity  and  that  therefore  it  is  willing  to  spend  whatever  is  necessary 
over  time  and  whatever  can  be  efficiently  spent  at  any  moment  in  time. 
Ex-post  massive  mobilization  R.  &  D.  may  be  a  failure  or  a  success, 
but  ex-anti  it  will  always  appear  as  a  project  that  must  be  done.  Tf  it 
doesn't,  it  will  fall  into  the  category  of  mission  orientated  R.  &  D. 

As  a  result  if  you  think  of  funding  patterns,  basic  capabilities 
R.  &  D.  would  be  funded  in  a  rather  egalitarian  manner,  mission 
orientated  R.  &  D.  would  be  funded  in  accordance  with  modified  cost- 
benefit  analysis,  and  massive  mobilization  research  would  bo.  funded 
in  a  completely  inegalitarian  manner.  Only  occasionally  would  such 
projects  even  exist,  but  when  they  did,  they  would  consume  a  large 
fraction  of  the  total  national  A.  &  D.  budget. 

V.  Some  Often  Considered  But  Properly  Neglected  Benefits 

In  discussing  military  and  space  research  reference  is  ofen  made  to 
the  civilian  benefits  from  military  and  space  spinoffs.  The  magnitude 
and  importance  of  civilian  spinoffs  is  a  subject  of  dispute,  but  it  is  im- 
portant to  realize  that  spinoffs  do  not  justify  specific  types  of  research 
regardless  of  whether  they  do  or  do  not  exist. 

First,  there  is  great  uncertainty  as  to  whether  spinoffs  will  occur 
in  any  research.  Being  uncertain  und  to  a  great  extent  random  they 
cannot  be  used  as  a  justification  for  any  particular  project.  Second, 
spinoffs  can  occur  in  any  kind  of  research.  Useful  military  knowledge 
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is  just  as  likely  to  be  spunoff  from  civilian  research  projects  as  useful 
civilian  knowledge  is  to  be  spunoff  from  military  research.  As  a  con- 
sequence, spinoffs  cannot  be  used  as  an  argument  to  increase  the  share 

going  to  either  military  or  civilian  projects.  Third,  spinoffs  are  apt  to 
be  an  inefficient  way  to  achieve  any  coal.  If  some  goal  is  desired,  re- 
search should  be  directly  focused  on  this  goal  rather  than  hoping  that 
the  solution  will  come  from  some  project  focused  on  a  different  goal. 
The  problem  is  exactly  equivalent  to  the  old  saw  about  studying  Latin 
to  improve  your  English.  Etudying  Latin  may  improve  your  English 
but  the  same  number  of  hours  devoted  to  the  study  of  English  would  do 
much  more  for  your  English. 

Since  spinoff  can  occur  in  any  kind  of  research  they  are  something 
to  consider  in  deciding  what  fraction  of  the  national  resources  should 
bo  devoted  to  R.  &  I),  but  they  are  not  something  that  can  be  used  to 
decide  how  R,  &  D.  expenditures  should  be  allocated  to  different 
sectors. 

Just  as  the  benefits  of  spinoffs  should  be  ignored  in  allocating  re- 
search funds  so  should  the  benefits  of  economic  multipliers.  All  exog- 
enous increases  in  expenditures  are  multiplied  in  the  economy  since 
expenditures  create  incomes  that  lead  to  rising  expenditures  by  those 
who  benefited  from  the  initial  rise  in  expenditures.  This  second  round 
of  expenditures  leads  to  a  second  round  of  income  increase  and  hence 
to  further  rounds  of  rising  expenditures  and  incomes.  While  the  ef- 
fects of  any  expenditure  are  multiplied  through  this  process,  multi- 
pliers and  multiplied  benefits  should  not  be  considered  in  determining 
either  the  total  R.  &  D.  budget  or  its  allocation. 

Since  all  expenditure  projects  (research  and  development  or  other- 
wise) have  approximately  the  same  multiplier  effect  per  dollar  of 
expenditures,  multipliers  do  not  help  differentiate  among  projects — 
military  or  civilian.  But  in  contrast  to  spin-offs  they  also  do  not  help 
you  determine  the  correct  aggregate  amount  to  be  allocated  to  research 
or  to  any  other  expenditure  project.  They  don't  for  a  very  simple 
reason.  If  all  that  you  want  are  macro-economic  multiplier  effects 
there  is  a  project  that  dominates  all  other  projects  because  it  generates 
multiplier  effects  without  having  to  sacrifice  real  resources.  This  proj- 
ect is  called  a  tax  cut.  As  a  result  all  expenditure  projects  must  be 
evaluated  on  the  basis  of  their  direct  rather  than  their  indirect  bene- 
fits. If  they  cannot  be  justified  in  terms  of  direct  benefits  they  cannot 
be  justified. 

As  a  result,  both  civilian  and  military  R.  &  D.  expenditures  should 
bo  judged  on  the  direct  benefits  that  they  are  suppposed  to  be  pro- 
ducing. In  terms  of  secondary  economic  benefits,  the  differences  are 
the  second  order  of  smalls  and  should  be  ignored  in  decision  making. 

VI.  Justifying  Ixputs  ix  Terms  of  Outputs 

Logically  historical  data  and  good  feedback  principles  should  be 
a  reasonable  place  to  search  for  guiding  principles  to  determine  R. 
£  I>.  expenditures  and  their  allocation.  Expand  research  where  ir  has 
demonstrated  success:  contract  research  where  it  has  not  demonstrated 
success;  allocate  funds  to  those  sectors  where  ouputs  have  been  rising 
as  (he  result  of  new  knowledge  gained  from  R.  &  D. 
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The  basic  problem  is  that  it  is  impossible  to  make  an  output-based 
argument  for  R.  &  D.  expenditures  in  either  the  military  or  civilian 
area.  In  both  areas  it  is  possible  to  point  to  new  and  better  products 
that  have  been  developed — better  submarines,  better  calculators,  dis- 
eases cured — but  in  both  areas  systematic  efforts  to  look  for  improve- 
ments in  outputs,  as  opposed  to  improvements  in  inputs,  fail  to  come 
up  with  much. 

Consider  the  civilian  economy.  As  we  have  seen  there  lias  been  a 
la  roe  increase  in  the  absolute  and  relative  effort  going  into  all  forms  of 
R.  &  D.  in  the  post -World  War  II  period.  Yet  measures  of  the  rate 
of  growth  of  our  real  standard  of  living  (GXP  per  capita,  output  per 
manhour,  etc.)  indicate  no  corresponding  acceleration.  Our  real  stand- 
ard of  living  is  not  rising  faster  than  when  we  were  making  a  smaller 
R.  &  D.  effort,  (See  table  3) . 

The  same  problem  is  visible  in  the  life  saving  area.  Diseases  have 
been  cured  (polio),  wondrous  new  machines  exist  yet  the  average  life 
expectancy  has  been  stagnant  or  growing  more  slowly  than  in  coun- 
tries without  large  medical  R.  &  D.  expenditures.  We  spend  more  on 
medical  research  and  development  than  any  other  country  in  the  world 
yet  now  rank  24th  in  terms  of  average  male  life  expectancy  and  are 
continually  falling  relative  to  the  rest  of  the  world.6  (See  table  4.) 

TABLE  3i 
[1950  =  100] 

Per  capita  Output  per  R.  &  D. 

GNP       man-hour  (pri-  expenditure 

Year (1958  dollars)      vate  economy)  (1958  dollars) 

1950 100  100  100 

1955 113  117  117 

1960 116  131  225 

1965 136  158  313 

1970 151  174  333 

1971 155  181  328 

1972 163  187  339 

1973 171  192  337 

1974 166  187  320 

i  "Economic  Report  of  the  President"  1975,  p.  250,  287,  275. 

TABLE  4i.— EXPECTATION  OF  LIFE 


Year 


At  age  65 


At  birth  

(years) 

Males 

Female 

54 

60 

63 

12 

14 

68 

13 

15 

70 

13 

16 

71 

13 

17 

71 

13 

17 

1920. 
1930. 
1940. 
1950. 
1960. 
1970. 
1972. 


'Statistical  Abstract  of  the  United  States",  1974,  p.  58. 


The  same  problem  is  also  visible  if  you  look  at  the  output  measures  of 
military  research.  Vast  amounts  of  R.  &  D.  and  improved  technical 
inputs  have  not  allowed  the  United  States  to  win  wars  in  either  Korea 
or  Vietnam — even  though  we  were  fighting  what  everyone  agrees  was 


8  United  Nations  Statistical  Yearbook,  1974,  p.  80. 
70-S01— 7G 2 
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a  technologically  inferior  enemy.  Based  on  actual  outputs  military 
K.  A  1 ).  has  been  a  failure. 

The  previous  paragraph  is  clearly  unfair  to  military  research,  but  bo 
arc  t  be  prior  paragraphs  to  civilian  R.  &  I ).  designed  to  raise  standards 
of  living  or  increase  life  expectancy.  In  each  area  each  of  us  could 
name  other  fat-tors  that  explain  the  lack  of  "output*'.  But  these  other 
factors  are  real.  If  thev  exist  and  stop  research  from  having  its  pay- 
off then  this  is  a  fact  that  must  be  taken  into  account  when  determin- 
ing K.  &  D.  budgets.  If  does  no  good  to  design  a  train  that  will  run 
at  200  m.p.h.  if  no  track  can  withstand  trains  going  more  than  40 
m.p.h.  If  you  are  not  going  to  do  something  about  the  tracks  there  is 
no  sense  wasting  K.  £  D.  resources  on  trains. 

In  each  of  the  economic,  life  saving,  and  military  cases  it  is  possible 
to  give  explanations  as  to  why  R.  &  I),  has  not  lead  to  the  desired  out- 
puts or  why  the  outputs  may  be  higher  than  they  seem  to  be.  For  exam- 
ple, in  the  economic  area  there  is  a  bias  in  the  way  that  real  dollar  out- 
put is  measured.  United  States  R.  &  D.  is  heavily  orientated  toward 
new  products  rather  than  new  and  cheaper  methods  of  producing  old 
products.  But  the  prices  of  new  products  do  not  showup  in  the  indexes 
used  to  deflate  nominal  output  until  the  product  has  achieved  a  degree 
of  use  and  market  penetration  that  makes  them  a  significant  fraction 
of  the  GXP  or  the  average  family's  purchased  basket  of  goods  or  serv- 
ices.  Neither  of  these  is  apt  to  occur  until  a  product  is  well  down  its 
learning  curve  and  sold  at  prices  far  below  its  initial  introductory 
price.  At  this  point  the  good  is  weighted  into  the  constant  dollar  output 
estimates.  But  since  the  current  dollar  price  has  declined  substantially. 
the  new  good  will  receive  a  much  lower  weight  than  it  would  have  if 
it  had  been  inserted  at  its  initial  selling  price.  Thus  hand  calculators 
may  be  valued  as  $100  worth  of  constant  dollar  output  rather  than  at 
>1.000  price  for  which  they  first  sold. 
In  the  health  area  increases  in  environment  pollution  or  deteriora- 
tions in  diet  and  exercise  might  well  be  reducing  life  expectancy  if  it 
were  not  for  the  progress  made  in  curing  individual  diseases.  In  the 
military  area  the  new  technologies  have  not  been  tested  in  a  no-holds- 
barred  war  to  see  if  they  would  be  effective  and  they  might  have  been 
effective  at  deterring  wars  even  if  they  have  not  been  efTective  at  win- 
ning wars. 

Institutional  constraints  may  also  prevent  advances  in  knowledge 
from  being  used.  As  I  mentioned  previously,  it  makes  no  sense  to  de- 
velop a  200  m.p.h.  train  as  long  as  the  road-beds  will  only  permit  maxi- 
mum speeds  of  40  m.p.h.  Union  work  rules  may  prevent  new  technolo- 
gies (such  as  those  in  printing)  from  being  adopted  as  fast  as  they 
should  be.  The  Air  Force's  attachment  to  manned  bombers  may  prevent 
the  Defense  Department  from  substituting  more  effective  submarines 
for  bombers  as  fast  as  they  ought.  A  few  years  ago.  it  would  have  been 
conventional  wisdom  to  say  that  the  institutional  and  human  con- 
straints on  the  adoption  of  new  products  and  processes  was  greater  in 
the  civilian  area  than  the  military  area,  but  the  history  of  the  past 
decade  makes  this  a  very  dubious  proposition.  It  would  now  be  hard  to 
argue  that  there  were  more  constraints  in  one  sector  than  the  other.  As 
always,  the  problem  is  to  know  what  constraints  must  be  accepted  and 
what  constraints  must  be  broken. 
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Such  constraints  must,  however,  be  taken  into  account  in  R.  &  D.  al- 
locations. If  constraints  are  not  in  fact  going  to  be  changed,  allocating 
R.  &  D.  expenditures  to  these  areas  is  a  pure  waste  of  resources.  Thus 
on  mission  orientated  research  there  should  be  some  explicit  considera- 
tion of  the  constraint  problem  in  the  R.  &  D.  allocation  process. 

Comparing  R.  &  D.  inputs  and  final  outputs  leads  to  a  fundamental 
conundrum.  Many  indicators  indicate  that  we  have  been  very  success- 
ful at  the  microlevel.  Wondrous  things  have  been  discovered  and  in- 
vented. Yet  macro  indicators  of  success  almost  universally  fail  to  re- 
cord the  impacts  of  these  microsuccesses.  One  can  always  argue  that 
things  would  have  been  worse  without  these  mircosuccesses,  but  this  is 
hardly  the  most  convincing  argument. 

The  lack  of  "output  results"  should  not  be  taken  as  an  argument  for 
doing  away  with  R.  &  D.  To  quit  learning  new  things  is  hardly  a  policy 
that  commends  itself  in  either  the  military  or  civilian  area.  The  lack  of 
macrosuccess  does  however  mean  that  we  need  to  think  seriously  of 
ways  in  which  R.  &  D.  can  be  better  funnelled  into  either  the  civilian 
or  'military  sectors  of  society.  For  be  it  quicksand  or  rock,  the  output 
foundation  of  military  and  civilian  research  are  equally  firm  or  flimsy. 

The  standard  response  to  this  problem  has  been  to  advocate  more 
applied  research  and  development  and  less  basic  research.  This  is  to 
fundamentally  mis-diagnose  the  nature  of  the  problem.  The  problem  is 
not  a  surplus  of  basic  knowledge  that  goes  unused  for  lack  of  develop- 
ment, but  developments  that  cannot  be  put  in  practice  because  of  vari- 
ous institutional  obstacles.  The  solution  lies  not  in  re-allocating  re- 
sea  i'ch  expenditures  from  basic  to  applied,  but  in  reforming  the  process 
whereby  applied  knowledge  is  brought  into  actual  use. 

VI.  Different  Adoption  Structures 

Research  leads  to  new  products,  better  products,  or  to  better  ways 
of  producing  old  products.  If  research  leads  to  new  products,  it  raises 
the  output  per  unit  of  input.  If  it  leads  to  better  techniques,  it  lowers 
inputs  necessary  to  produce  old  products.  In  either  case,  research  leads 
to  higher  productivity. 

Perhaps  the  relationship  can  be  best  understood  in  the  context  of  the 
following  mode  (see  fig.  1).  Assume  that  knowledge  is  arranged  in  a 
continuum  from  the  most  productive  technique  to  the  least  productive 
technique.  (Similar  continuums  could  be  constructed  for  product  in- 
novation or  improvement.)  On  the  far  right  there  is  a  frontier  of 
scientific  knowledge.  Well  behind  this  there  is  a  frontier  of  engineer- 
ing knowledge,  and  well  behind  this,  there  is  a  frontier  given  by  the 
best  actually  operating  technique.  But  all  plants  do  not  use  or  even 
know  about  the  best  operating  techniques.  To  the  extent  that  the  best 
techniques  must  be  embodied  in  physical  capital,  they  cannot  use  the 
best  techniques  without  scraping  all  of  the  old  plant  and  equipment  and 
buying  new. 

Typically,  the  spectrum  between  the  highest  productivity  plant  in 
operation  and  the  lowest  productivity  plant  in  operations  covers  a 
range  of  productivities  on  the  order  of  four  to  one,  with  a  distribution 
of  plants  in  between.  To  the  left  of  the  worst  operating  plant  is  a 
range  of  techniques  that  have  become  obsolete.  The  distribution  curve 
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is  moving  to  the  right  (as  are  the  various  frontiers)  with  respect  to 
any  particular  product 

Productivity,  however,  only  depends  upon  the  range  between  the 
best  and  worst  pra  Jtice  plant-,  the  distribution  of  plants  within  this 
range,  the  location  of  the  range  on  the  continuum,  and  the  speed  with 
which  the  whole  distribution  is  moving  to  the  right.  The  frontiers  of 
engineering  and  science  are  relevant  only  in  that  they  are  a  kind  of 
road-building  opera!  ion.  whose  speed  limits  the  possible  speed  of  move- 
ment toward  higher  productivity  techniques/ 

Continuum  of  Technical  Progress 

Low  Productivity  High  productivity 

techniques  techniques 

distribution  of  plants 


^mHTk 


worst  best  Frontier  of       Frontier  of 

practice         practice        engineering       scientific 
Plant  plant  knowledge         knowledge 

Figure  1 

While  figure  1  is  applicable  to  either  military  or  civilian  research 
there  are  differences.  The  gap  between  the  scientific  frontier  and  the 
engineering  frontier  partly  depends  on  how  much  R.  &  I),  effort  is 
made.  While  there  is  now  more  civilian  than  military  or  space  R.  &  I)., 
the  civilian  R.  &  D.  covers  a  much  wider  range  of  products.  In  the 
military  sector  there  is  more  R.  &  D.  per  product  line.  This  is  apt 
to  push  the  frontier  of  engineering  knowledge  closer  to  the  frontier 
of  scientific  knowledge  and  may  even  push  the  frontier  of  scientific 
knowledge  out  at  a  faster  rate.  But  the  big  differences  are  not  apt  to 
lay  in  either  the  speed  of  movement  or  the  gap  between  the  frontier 
of  engineering  knowledge  and  the  frontier  of  scientific  knowledge. 

The  big  difference  is  apt  to  lay  in  the  gap  between  the  frontier 
of  engineering  knowledge  and  the  best  techniques  or  products  that 
are  actually  used.  In  the  military  area  products  are  rushed  into  produc- 
tion when  it  becomes  technically  possible  to  build  a  product.  This  is 
what  gives  one  nation  a  technical  military  edge  over  another  nation. 
In  the  civilian  area,  products  must  meet  a  constraint  other  than  that 
set  by  "buildability". 

In  the  civilian  sector  new  processes  are  not  adopted  for  new  plants 
unless  the  cost  of  the  new  process  is  lower  than  that  of  the  old  process 
and  new  processes  do  not  replace  existing  plants  unless  the  total  cost 
of  the  new  process  is  less  than  the  marginal  cost  of  the  old  process. 
Now  products  are  not  put  into  production  unless  the  product  is  so 
superior  that  individuals  will  be  willing  to  give  up  old  products  and 
reallocate  their  income  to  the  purchase  of  a  new  product.  Thus  there 
is  a  set  of  economic  constraints  that  any  process  or  product  must  meet 
in  addition  to  the  engineering  constraints  of  doability.   Economic 

T  For  a  more  extensive  discussion  of  these  issues  see :  "Research,  Technical  Progress,  and 
Economic  Growth",  Technology  Review,  March  1971,  p.  44. 
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budget  constraints  also  exist  in  the  military7  area  (more  at  sometimes 
than  others)  but  they  are  much  less  binding.  This  leads  to  a  much 
larger  gap  between  engineering  feasibility  and  best  practice  in  the 
civilian  area.  Probably  the  best  example  of  the  difference  is  found  in 
nuclear  powered  ships.  They  have  now  been  used  in  the  Navy  for 
decades  but  have  yet  to  be  put  into  regular  commercial  use. 

The  civilian  medical  research  area,  however,  tends  to  have  some  of 
the  same  characteristics  of  military  research.  The  desire  for  extended 
life  is  strong  enough  that  new  products  and  processes  tend  to  be  put 
into  use  as  soon  as  they  have  met  tests  of  engineering  feasibility  and 
almost  regardless  of  cost.  In  both  the  military  and  medical  areas  we 
perceive  an  all  or  nothing  choice.  Nothing  replaces  defense  and  noth- 
ing replaces  life.  As  a  result,  narrow  economic  calculations  do  not 
impose  themselves  to  the  same  degree.  While  tests  of  economic  feasi- 
ble v  are  certainly  appropriate  in  the  area  of  economic  goods  and 
services,  they  leave  out  an  important  externality  that  is  apt  to  exist 
in  the  adoption  process. 

The  imposition  of  economic  constraints  is  apt  to  have  an  effect 
beyond  that  of  a  longer  lag  between  best  practice  and  the  engineering 
frontier  and  a  wider  distribution  between  the  best  and  worst  plants 
in  operation.  Most  new  products  and  processes  are  subject  to  a  learn- 
ing curve.  As  the  products  are  actually  put  into  production  there  are 
a  host  of  small  scale  technical  breakthroughs.  In  addition  the  labor 
force  gains  proficiency  in  the  skills  that  will  actually  be  used  in  pro- 
duction. The  net  effect  is  rapidly  falling  unit  costs  as  production  pro- 
ceeds. Hand  electronic  calculators  are  probably  the  best  current  civil- 
ian example  of  falling  costs.  Thus  an  important  part  of  the  R.  &  D. 
process  occurs  after  production  decisions  have  been  made  and  labora- 
tory  feasibility  has  already  been  established.8 

The  initial  period  of  high  unit  costs  presents  an  economic  problem. 
How  are  they  to  be  covered  ?  In  the  defense  area,  government  is  the 
buyer  and  contracts  are  signed  for  production  runs  that  take  into 
account  what  we  know  about  the  learning  curve  phenomenon.  One  of 
the  reasons  for  the  high  cost  of  the  space  program  is  that  it  does  not 
get  the  advantage  of  any  lengthy  production  runs  and  falling  unit 
cost--.  The  space  program  simply  pays  high  initial  costs.  In  the  medical 
area,  government  and  individuals  are  willing  to  pay  very  high  initial 
casts  if  lives  are  saved.  In  the  civilian  non-medical  area  none  of  these 
situations  exist.  Costs  fall  as  production  occurs,  but  initial  costs  must 
fall  to  a  much  lower  level  before  production  can  begin.  In  the  non- 
medical civilian  area  substitutes  almost  always  exist,  even  if  inferior, 
and  these  set  a  ceiling  on  the  maximum  costs  than  can  be  recovered. 
Modular  housing  provides  a  good  example  of  being  unable  to  get  pro- 
duction runs  long  enough  to  proceed  far  enough  down  the  learning 
curve  to  be  competitive  with  conventional  housing.  This  is  due  to 
both  the  high  initial  cost  and  to  the  fact  that  everyone  is  uncertain 
as  to  whether  the  learning  curve  will  level-off  at  a  lower  or  higher  level 
than  the  cost  of  conventional  housing. 

What  this  means  is  that  non-medical  civilian  research  efforts  must 
be  more  careful  in  considering  the  learning  curve  phenomenon  if  the 

*  A  D  .  Searle.  "Productivity  Chancres  in  Selected  Wr.rtime  Ship  Building  Programs." 
Monthly  Labor  Revtetc,  vol.  61.  No.  6,  December  1945. 
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full  range  of  R.  &  D.  benefits  is  to  be  generated.  Some  substantial 
fraction  of  R.  &  D.  must  occur  in  the  process  of  beginning  production. 
If  production  is  never  begun,  the  necessary  R.  &  D.  will  never  be  done 
and  the  initial  R.  &  D.  expenditures  will  have  been  wasted. 

As  we  have  seen  development  expenditures  and  especially  civilian 
development  expenditures  are  almost  entirely  financed  by  private 
industry.  While  this  is  appropriate  when  there  are  no  externalities, 
the  learning  curve  is  essentially  an  externality.  If  one  firm  goes  down 
its  learning  curves  other  firms  can  quickly  guess  what  the  learning 
curve  looks  like  by  the  pricing  and  production  policies  of  their  com- 
petitor. The  first  firm  must  bear  the  uncertain  cost  of  failure  (i.e. 
the  learning  was  not  steep  enough  to  generate  profitable  sales)  while 
all  firms  gain  the  knowledge  the  trip  was  either  profitable  or  unprofit- 
able. These  uncertain  costs  can  serve  as  a  barrier  to  enter  for  each 
individual  firm  even  though  they  could  not  be  a  barrier  to  entry  if 
spread  across  the  entire  industry. 

The  externalities  involved  in  the  learning  curve  mean  that  the  gov- 
ernment probably  withdraws  from  the  civilian  research  area  too  early 
to  gain  the  full  economic  benefits  that  are  possible.  Serious  considera- 
tion should  be  given  to  subsidized  initial  production  runs  on  the 
understanding  that  all  cost  data  would  be  made  public  as  it  was  being 
generated.  In  other  sectors — space,  medical,  defense — government 
already  does  this  by  being  the  principle  buyer.  Commensurate  gains 
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will  require  the  same  kind  of  action  in  the  non-medical  civilian  area. 
Unless  some  effort  is  made  to  achieve  the  learning  curve  benefits  that 
automatically  occur  in  the  defense  and  medical  area,  civilian  economic 
research  is  apt  to  have  a  lower  pay-off  and  to  yield  benefits  with  a  much 
greater  time  lag. 

There  is  also  probably  a  bias  within  the  U.S.  research  establish- 
ment— military  or  civilian — toward  too  much  R.  &  D.  on  the  develop- 
ment of  glamorous  new  products  and  not  enough  R.  &  D.  on  the  less 
glamorous  job  of  reducing  the  costs  of  producing  old  products.  This 
occurs  partly  because  of  the  personal  interests  of  scientists  and  engi- 
neers in  both  the  granting  and  recipient  agencies  or  firms,  but  partly 
because  of  the  difficulty  of  funding  cost  reduction  research  in  a  mixed 
private  public  economy.  When  government  funds  are  used  to  finance 
the  development  of  new  products,  there  is  always  some  uncertainty  as 
to  exactly  who  will  economically  benefit  from  the  new  products.  Being 
uncertain  as  to  who  will  or  won't  benefit  we  are  willing  to  go  ahead. 
The  economic  winners  are  not  known  (they  may  in  fact  be  ourselves) 
and  the  economic  losers  are  not  clearly  identified  (even  to  themselves) . 
With  cost-reduction  research,  however,  there  is  a  very  clear  set  of 
known  winners  and  losers.  We  know  who  makes  and  who  buys  the 
product.  We  know  whom  a  cheaper  product  will  run  out  of  business. 
The  net  result  is  a  reluctance  on  the  part  of  government  to  get  in- 
volved in  cost-reduction  research  yet  this  is  exactly  the  type  of  research 
that  seems  to  have  yielded  the  very  high  rate  of  growth  of  productivity 
in  the  Japanese  economy.  Given  that  most  products  in  the  economy 
will  be  old  products  at  any  point  in  time,  the  potential  productivity 
gains  from  reducing  the  production  costs  of  old  products  is  much 
larger  than  any  possible  gains  from  developing  new  products. 

Private  firms  clearly  have  an  interest  in  this  kind  of  research,  but 
they  face  the  externality  problem  mentioned  earlier.  If  they  are  suc- 
cessful, others  will  quickly  learn  that  they  are  successful  and  as  in 
any  end-game  problem  they  will  quickly  be  able  to  duplicate  the  re- 
sults at  much  less  cost  or  uncertainty  than  the  initial  developer. 

IX.  Misleading  Historical  Successes 

Often  R.  &  D.  funds  are  mis-allocated  because  hard  facts  are  over- 
whelmed by  the  success  of  the  Manhattan  Project  and  the  Space 
Program.  In  each  case  it  seemed  possible  to  achieve  a  specific  objec- 
tive— an  atomic  bomb  or  a  man  on  the  moon — if  we  were  only  willing 
to  spend  enough  money  and  effort.  This  leads  to  the  erroneous  conclu- 
sion that  all  problems  are  potentially  solvable  in  a  short  period  of 
time  if  we  think  they  are  important  enough  to  generate  an  all-out 
In  fact,  this  is  not  the  case. 

Problems  lie  in  the  potentially  solvable  area  only  when  they  fall 
between  the  frontier  of  scientific  knowledge  and  the" frontier  of  engi- 
neering knowledge.  If  the  basic  scientific  facts  necessary  for  a  solution 
are  not  known,  there  is  no  guarantee  that  a  major  effort  will  speed 
up  the  solution  and  there  may  even  be  no  sensible  way  of  organizing 
a  major  effort.  To  some  extent.  President  Nixon's  War  on  Cancer  falls 
into  this  domain.  Quite  sensibly  this  war  did  not  achieve  the  scale  of 
either  the  space  program  or  the  Manhattan  project,  but  it  probably 
has  achieved  a  scale  that  is  inefficiently  la r ere.  It  has  become  a  source 
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of  funding  for  basic  capabilities  rather  than  a  source  of  mission  fund- 
in  i:  for  directly  working  on  a  cure  for  cancer.  While  no  one  quarrels 
with  the  need  to  cure  cancer,  the  fact  remains  that  there  is  an  apt 
propriate  time  to  declare  War  on  Cancer  and  an  inappropriate  time. 
If  the  war  cannot  be  won  it  should  not  be  declared. 

The  decision  as  to  whether  there  is  enough  information  on  hand  to 
achieve  some  major  breakthrough  in  a  relatively  short  period  of  time 
(  10  y<  the  outside)  is  one  hat  only  those  in  the  field  can  ascer- 

tain. But  collection  of  unbiased  opinions  is  as  always  difficult.  Those 
who  are  in  the  field  and  can  best  tell  whether  a  uwarv  is  capable  of 
being  won  are  the  same  people  who  most  benefit  from  having  a  "war*3 
declared.  I  3  is  Dot  to  disparage  the  honesty  of  any  group  of  in- 
dividuals, bin  ii  is  a  natural  human  phenomenon  to  be  overly  opti- 
mistic and  exaggerate  one's  capabilities.  This  is  especially  true  when 
declaring  war  is  politically  popular. 

X.  Conclusions 

There  are  a  variety  of  actions  that  could  be  taken  to  strengthen 
the  system  of  research  and  development  in  the  United  States. 

( 1)  Research  and  development  expenditures  should  be  broken  into 
t  hree  broad  categories — basic  capabilities,  mission  orientated,  and  mas- 

■  mobilization. 

(2)  Funds  for  basic  capabilities  should  be  spent  based  on  analysis  of 
how  much  it  costs  to  keep  enough  R.  &  D.  personnel  in  an  area  to  be 
aware  of  any  breakthroughs  that  might  occur  and  to  be  able  to  expand 
rapidly  should  each  breakthrough  actually  occur.  Instead  of  allocating 
funds  to  traditional  disciplines,  funds  should  be  allocated  across  life 
sciences,  agricultural  sciences,  environmental  sciences,  material  sci- 
ences, energy  sciences,  behavior  sciences,  logical  sciences,  space  sciences, 
and  equipment  sciences. 

I  3  )  Funds  for  mission  oriented  research  should  be  spent  based  on  the 
modified  cost-benefit  analysis  outlined  above.  Every  project  should 
have  ranges  of  possible  benefits  and  costs  along  with  an  estimate  of 
the  maximum  possible  benefit.  Wherever  possible  there  should  be 
ranges  of  costs  and  benefits  estimated  by  more  than  one  individual  or 
group.  Since  it  is  not  possible  to  make  analytical  comparisons  across 
non-commensurate  objectives,  mission  oriented  research  should  be 
broken  into  four  types — national  independence,  life  saving,  economic 
goods  and  services,  and  non-economic  quality  of  life  goods  and  services. 

(4)  Massive  mobilization  research  will  be  funded  in  accordance 
with  whatever  is  necessarv  to  achieve  the  goal  overtime  and  in  accord- 
ance with  efficient  expenditure  rates  at  any  point  in  time.  But  massive 
mobilization  research  will  seldom  occur  and  it  will  never  occur  if  the 
basic  scientific  knowledge  does  not  exist  to  be  relatively  confident  of 
success  within  a  5  to  10  year  time  period. 

1  5  )  Spinoffs  and  economic  multipliers  should  always  be  ignored  in 
allocating  R.  &  D.  expenditures. 

(6)  Institutional  constraints  need  to  be  taken  into  account  in  allo- 
cating R.  &  D.  expenditures.  Unless  you  are  going  to  improve  railroad 
roadbeds  there  is  no  sense  in  spending  money  on  developing  fast 
trains. 
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(7)  Some  proceedure  must  be  developed  to  overcome  the  learning 
curve  externality  in  the  non-military  non-medical  part  of  the  R.  &  1). 
budget.  The  best  technique  would  probably  be  to  continue  public 
R.  &  D.  expenditures  farther  along  the  development  path  but  to  them 
insist  that  all  production  data  and  processes  be  made  publically 
available. 

(8)  Cost- reduction  R.  &  D.  is  probably  being  slighted  in  favor  of 
new  product  R.  &  D.  Here  again  the  problem  can  probably  only  be 
solved  by  changing  the  current  de  facto  proprietary  rights  of  those 
who  might  be  hired  to  do  the  cost-reduction  research.  Whatever  in- 
formation is  generated  must  become  much  more  publicly  and  quickly 
known  if  this  research  is  to  overcome  the  political  obstacles  that  it 
currently  faces. 
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The  Federal  Government  will  spend  an  estimated  $22.6  billion  for 
research  and  development  during  fiscal  1977.  Approximately  half  that 
amount.  SI 0.7  billion,  is  scheduled  for  Defense-Military  Functions. 
The  next  closest  agency,  in  terms  of  R&D  outlays,  is  the  National  Aero- 
nautics and  Space  Administration  ($3.5  billion),  followed  closely  by 
the  Energy  Research  and  Development  Administration  ($3.0  billion).1 

The  Department  of  Defense  budget  request  for  fiscal  1976  surpassed 
$100  billion  for  the  first  time.  Fiscal  1976  also  marked  the  first  year 
of  a  $10  billion  request  for  research,  development,  test  and  evaluation 
(RDT&E) .  That  amount  is  spread  among  six  phases  of  R&D :  basic  re- 
search, exploratory  development,  advanced  development,  engineering 
development,  management  and  support,  and  operational  systems  de- 
velopment. 

Military  R&D  has  a  profound  effect  on  the  direction  and  size  of  the 
overall  defense  budget.  Dr.  Malcolm  E.  Currie,  Director  of  Defense 
Research  and  Engineering,  characterized  RDT&E  as  a  "highly  lever- 
aged activity."  This  leveraging  occurs  because  the  program  area — a 
small  fraction  of  the  total  defense  budget — "directly  influences  the 
dtude  and  effectiveness  of  much  larger  future  expenditures." 
While  the  bulk  of  the  cost  for  weapons  systems  is  in  production  and 
for  operation  and  support,  those  amounts  are  determined  in  large  de- 
gree by  RDT&E.  From  a  budgetary  standpoint,  then,  research  and 

*  Specialist,  American  National  Government,  Government  Division,  Congressional  Re- 
searcb  Service,  Library  of  Congress. 

1  Special  Analyses:  Budget  of  the  United  States  Government,  Fiscal  Year  1977,  at  281. 
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development  may  play  the  part  of  the  camel's  nose.  Dr.  Currie  esti- 
mates that  by  the  time  the  Pentagon  commits  itself  to  production  it 
has  spent  less  than  15  percent  of  the  total  system  life  cycle  cost.  And  at 
the  point  it  makes  the  key  decision  to  move  from  research  into  engineer- 
ing development,  it  has  spent  less  than  3  percent  of  the  total  (2657). 
[To  keep  footnotes  to  a  minimum,  all  references  to  the  fiscal  1976  hear- 
ings by  Senate  Armed  Services  are  placed  in  parentheses.  The  page 
numbers  come  from  four  separate  volumes  on  the  authorization  bill,  S. 
1)20:  Part  4  (pages  1709-2167),  Part  6  (pages  2637-3605),  Part  7 
(pages  3607-4030),  and  Part  10  (pages  5123-5691).] 

Until  recent  years,  RDT&E  was  a  "low  visibility"  item  of  the  de- 
fense budget.  Compared  to  procurement  it  attracted  little  attention 
and  participation  from  Congress.  Increasingly,  however,  Members  of 
Congress  became  sensitive  to  the  toehold  gained  by  projects  in  the  R&D 
stage.  Once  they  ripen  into  a  weapon  system,  funded  through  a  pro- 
curement account,  a  constituency  develops  of  such  size  and  influence 
that  it  is  difficult  to  terminate  or  curtail  the  program.  A  variety  of 
arguments,  including  the  need  to  keep  the  production  line  open,  are 
offered  to  sustain  programs  at  that  point.2  A  much  greater  commit- 
ment of  time  and  staff  resources  is  now  committed  to  the  investigation 
of  R&D  by  Senate  Armed  Services  and  the  Senate  defense  appropria- 
tions subcommittee. 

This  paper  concentrates  on  the  procedure  used  by  the  Senate  for 
evaluating,  selecting,  and  authorizing  military  R&D  programs.  Thou- 
sands of  individual  research  projects  are  involved;  legislative  re- 
sources are  scarce.  How  does  the  Senate  organize  itself  to  pass  judg- 
ment on  issues  that  are — by  their  very  nature — inescapably  complex 
and  technical  ?  By  what  criteria  do  Senators  decide  whether  a  project 
should  go  forward  or  whether  it  should  be  terminated  or  curtailed? 
What  changes  might  be  made  in  the  congressional  review  process? 

The  importance  of  procedural  aspects  has  been  highlighted  by  Sena- 
tor John  Stennis,  chairman  of  the  Armed  Services  Committee.  As  a 
lawyer  by  training,  he  concluded  that  the  discussion  of  weapon  systems 
by  Congress  was  "sadly  deficient  in  its  understanding  of  persons  and 
procedures."  He  compared  it  to  an  attempt  to  understand  problems  of 
law,  order,  and  justice  by  focusing  entirely  on  specific  defendants.  But 
issues  of  criminal  law,  he  said,  could  not  be  understood  without  com- 
prehending the  procedures  of  arrest,  indictment,  arraignment,  trial, 
and  appeal.  It  was  also  necessary  to  consider  "certain  darker  sides  of 
the  judicial  process,  such  as  plea  bargaining  and  the  possibility  of  cor- 
ruption." By  examining  the  procedures  employed  by  the  Pentagon,  he 
hoped  that  Congress  and  the  public  would  have  a  better  understanding 
of  the  field  of  weapon  system  acquisition.3 

This  paper  extends  the  inquiry  to  procedures  used  by  the  Senate.  In 
order  to  treat  the  subject  with  the  depth  and  care  that  it  deserves,  I 
focus  primarily  on  the  activities  of  a  single  Subcommittee :  the  Sub- 
committee on  Research  and  Development  of  the  Senate  Armed  Serv- 
ices Committee.  Special  programmatic  issues,  such  as  fimding  for  In- 
dependent Research  and  Development  (IR&D),  are  not  covered.  Nor 

2  Sec.  for  examples.  Craig  Liske  nnd  Barry  Rundquist,  "The  Politics  of  Weapons  Procure- 
ment  :  The  Role  of  Congress,"  The  Social  Science  Foundation  and  Graduate  School  of  Inter- 
national Studies.  University  of  Denver,  Monograph  No.  1.  1974-75. 

^Weapon  System  Acquisition  Process,  hearings  before  the  Senate  Armed  Services  Com- 
mittee. 02nd  Cong.,  1st  Sess.,  1-2  (1971). 
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is  there  any  treatment  of  the  Tactical  Air  Power  Subcommittee  of 
Senate  Armed  Services,  which  handles  part  of  the  RDT&E  author- 
ization. 

The  R&D  Subcommittee,  headed  by  Senator  Thomas  J.  Mcln; 
has  been  the  subject  of  considerable  praise.  Representative  Les  Aspin, 
observing  that  some  committees  and  subcommittees  take  the  lead  or 
initiate  new  policy,  cited  the  Mcintyre  Subcommittee  as  one  example. 
During  debate  in  lwl,  Senator  Peter  H.  Dominick,  a  Republican,  com- 
mended Senator  Mcintyre  for  going  into  "extraordinary  detail,  in  I 
think  probably  the  most  fruitful  program  we  have  had  for  a  long  time 
to  delve  into  the  enormous  amount  of  money  spent  on  research  and 
development.91  Senator  John  Stennis,  chairman  of  the  Armed  Services 
Committee,  stated  in  1974  that  the  effort  by  the  Mcintyre  Subcom- 
mittee had  been  "the  most  complete  and  thorough  and  extensive  hear- 
ing with  reference  to  research  and  development  concerning  military 
weapons  that  any  subcommittee  or  any  committee  of  the  Congress  has 
ever  held  in  covering  an  entire  research  and  development  program. "  4 

In  addition  to  the  activity  of  the  R&D  Subcommittee,  this  paper  ex- 
plores the  relationship  between  Senate  Armed  Services  and  Senate 
Appropriations.  The  important  roles  of  the  Senate  Budget  Committee 
and  the  Congressional  Budget  Office,  presently  in  a  formative  and 
evolutionary  stage,  are  not  discussed.  An  introductory  section  provides 
historical  material  (for  the  period  since  1959)  to  show  how  both 
Houses  have  expanded  their  roles  and  responsibilities  for  authorizing 
defense  R&D. 

This  study  is  based  primarily  on  a  reading  of  hearings  held  by 
Senate  Armed  Services  over  the  period  from  1963  through  1975.  Other 
hearings,  committee  reports,  floor  debates,  General  Accounting  Office 
reports,  and  studies  from  the  private  sector  are  used  to  supplement  the 
record.  Interviews  were  held  with  13  people  from  the  following  areas  : 
Senate  Armed  Services  (4);  Senate  Appropriations  (2),  personal 
staffs  of  Senators  (3) ,  and  the  Department  of  Defense  (4) .  Discussions 
were  also  held  with  two  former  Senate  staff  members:  William  H. 
Darden,  who  served  wit;h  the  Armed  Services  Committee  from  1951 
to  1968,  and  Francis  S.  Hewitt,  professional  staff  member  of  the  Ap- 
propriations Committee  from  1947  to  1974. 

I.  Introduction 

Prior  to  1959  congressional  control  over  defense  programs  consisted 
of  two  steps :  broadly  drawn  authorizations — available  on  a  continuing 
basis — and  passage  each  year  of  an  appropriation  act.  To  obtain  funds 
the  Defense  Department  had  only  to  justify  its  detailed  budget 
requests  before  the  Appropriations  Committees.  The  Armed  Services 
Committees  did  not  exercise  annual,  substantive  control  over  weapons 
systems.  Military  construction  represented  one  of  the  few  areas  in  the 
defense  budget  to  receive  scrutiny  at  the  authorization  stage. 

Matters  changed,  however,  during  the  1950s.  A  number  of  factors 
led  Members  of  Congress  to  assume  a  more  active  role  in  strategic 
decisions.  Dissatisfaction  with  the  military  establishment  was  one 


*  Lea  Asnln.  "Thp  Dofonse  Budget  and  Forelen  Poller  :  The  RoIp  of  Conerross."  Daeduiu*, 
Snmmor  1975.  nt  168;  117  Cong.  Rec.  42934  (Nov.  23,  1971)  J  120  Cong.  Rec.  S94S6  (dally 
ed.,  June  3.  1974). 
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reason,  especially  in  view  of  interservice  rivalries  over  which  missile  to 
use  for  air  defense.  Experience  with  military  construction  had  also 
given  the  Armed  Services  Committees  important  insights  into  weapon 
systems,  for  often  they  depended  on  acquisition  of  sites  and  construc- 
tion  of  radar  networks  and  control  centers.  Still  another  motivation 
was  the  desire  of  the  House  Armed  Services  Committee  to  compete  on 
a  more  even  basis  with  the  defense  subcommittee  of  House  Appropri- 
ations. On  the  Senate  side,  where  such  friction  was  minimal  because 
of  overlapping  membership  between  Armed  Services  and  the  defense 
appropriations  subcommittee,  the  principal  reason  was  more  a  feeling 
on  the  part  of  some  Senators  that  annual  review  by  Armed  Services 
was  required  to  satisfy  Congress'  responsibilities  under  the  Constitu- 
tion. Senate  hearings  on  the  Defense  Reorganization  Act  of  1958 
became  a  forum  to  air  such  views.5 

Section  #2(1) 

What  emerged  from  this  ferment  was  Section  412(b)  of  the  Military 
Construction  Authorization  Act  of  1959.  It  provided  that  "No  funds 
may  be  appropriated  after  December  31, 1960,  to  or  for  the  use  of  any 
armed  force  of  the  United  States  for  the  procurement  of  aircraft, 
missiles,  or  naval  vessels  unless  the  appropriation  of  such  funds  has 
been  authorized  by  legislation  enacted  after  such  date."  6  The  require- 
ment for  annual  authorization — initially  restricted  to  procurement — 
would  reach  within  a  few  years  to  research  and  development. 

Intervention  by  Congress  in  weapons  systems  procurement  pro- 
voked  skepticism  in  many  quarters.  The  authorization  committees  were 
identified  with  a  narrow  set  of  interests,  although  hearings  by  the 
Senate  Armed  Services  Committee  during  the  1950s  demonstrate  ac- 
tivity not  merely  in  military  construction  but  also  in  manpower,  mili- 
tary pay,  management,  missile  programs,  naval  vessels,  NATO  Status 
of  Forces  Treaty,  and  procurement.  Nevertheless,  the  Armed  Services 
Committees  were  publicly  associated  with  real  estate  matters — pre- 
occupied with  the  location  of  installations  and  the  purchase  and  sale 
of  properties.  Some  Members  of  Congress  also  doubted  their  com- 
petence to  decide  issues  of  weapons  systems.  One  was  quoted  as  saying : 
"How  the  hell  do  we  know  what  should  be  considered  anyway?  We 
mostly  reflect  what  the  military  men  tell  us."  7  At  the  time  of  legisla- 
tive debate  on  Section  412,  the  military  commentator  for  the  New  York 
Times  warned  that  Congress  might  "choose  a  weapon  or  a  system  on 
the  basis  of  political  and  economic  factors  rather  than  on  objective 
military  and  technical  ones."  8 

Yet  the  Armed  Services  Committees  had  witnessed  such  duplication, 
agency  infighting,  and  indecisiveness  on  the  part  of  the  Defense  De- 

5  Edward  A.  Kolodziej,  The  Uncommon  Defense  and  Congress,  19.'f5-1963,  309-74 
(1966). 

•P.L.  86-149.  73  Stat.  322  (1959).  Background  on  Section  412  is  provided  by  Bernard 
K.  Gordon.  "The  "Military  Budget:  Congressional  Phase,"  23  J.  of  Pol.  0*9  (19611  :  Ray- 
mond II.  Dawson,  "Congressional  Innovation  and  Intervention  in  Defense  Policv  :  Legisla- 
tive Authorization  of  Weapons  Systems."  56  Am.  Pol.  Sci.  Rev.  42  (1902)  :  and  Herbert  W. 
Stephens,  "The  Role  of  the  Legislative  Committee  in  the  Appropriations  Process  :  A  Studv 
Focused  on  the  Armed  Services  Committees,"  24  West.  Pol.  Q  146  (1971). 

"'  Lewis  Anthony  Dexter,  "Congressmen  and  the  Making  of  Military  Policy."  in  Yew 
Perspectives  on  the  House  of  Representatives.  Robert  L.  Peabody  and  Nelson  W.  Polsby, 
eds.  (1969).  n.  185. 

«  Hanson  W.  Baldwin,  New  York  Times,  May  28,  1959,  p.  13,  cited  in  Dawson,  supra  note 
6.  at  53. 
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partment  thai  it  was  untenable  to  believe  that  defense  planners 
Operated  exclusively  on  objective  military  and  technical  factors.  .More- 
over, in  an  article  published  jusl  prior  to  enactment  of  Section  412, 
Roger  Hilsman  concluded  that  one  of  the  more  distinctive  and  note- 
worthy trends  in  Congress  was  the  technical  competence  of  its  mem- 
bership: "Among  the  more  responsive  and  active  members,  there  s 
to  be  one  or  two  for  almost  every  major  problem  area  who  are  just  as 
knowledgeable  as  the  specialists.'1  He  ventured  that  even  the  less 
responsive  member  could  acquire  more  knowledge  over  his  career  of 
ten  to  fifteen  years  than  a  Secretary  or  Assistant  Secretary  who  had 
been  on  the  job  for  a  year  or  two.9  Beyond  expertise  there  was  the  ele- 
mentary political  responsibility  of  Congress.  Alton  Frye  has  recently 
noted:  "Granted  that  problems  of  military  strategy  and  technology 
are  immensely  complicated  and  mind-numbing  affairs,  the  root  ques- 
t  ions  are  ethical  and  political  in  nature."  10 

Enactment  of  Section  412,  occurring  at  the  time  of  a  Democratic 
Congress  and  a  Republican  President,  suggests  a  partisan  flavor.  But 
the  impulse  went  far  deeper.  Congress,  as  an  institution,  sensed  that 
its  powers  and  prestige  were  in  jeopardy.  The  practice  of  impounding 
defense  funds,  which  had  precedents  under  President  Truman,  con- 
tinued under  Presidents  Eisenhower  and  Kennedy.  In  19G2  the  House 
Armed  Services  Committee,  after  reviewing  this  development,  re- 
jected the  notion  that  Congress  should  be  restricted  to  a  passive  role 
in  defense  policy:  "The  committee  finds  it  hard  to  believe  that  its 
extended  and  infinitely  detailed  hearings  are  designed  only  as  an 
exercise  in  self -improvement  in  the  area  of  knowledge.  For  knowledge 
is  something  to  be  used,  not  merely  to  be  possessed."  xx  And  on  this 
same  page  appears  an  admonition  which  is  frequently  quoted  in  the 
literature : 

To  any  student  of  government,  it  is  eminently  clear  that  the  role  of  the  Con- 
gress in  determining  national  policy,  defense  or  otherwise,  has  deteriorated  over 
the  years.  More  and  more  the  role  of  the  Congress  has  come  to  be  that  of  a 
sometimes  querulous  but  essentially  kindly  uncle  who  complains  while  furiously 
puffing  on  his  pipe  but  who  finally,  as  everyone  expects,  gives  in  and  hands  over 
the  allowance,  grants  the  permission,  or  raises  his  hand  in  blessing,  and  then 
returns  to  his  rocking  chair  for  another  year  of  somnolence  broken  only  by  an 
occasional  glance  down  the  avenue  and  a  muttered  doubt  as  to  whether 
he  had  done  the  right  thing. 

House  Armed  Services  was  particularly  upset  by  the  Pentagon's 
record  on  the  B-70  (later  redesignated  RS-70)  manned  bomber.  The 
committee  believed  that  the  bomber  represented  "such  an  important 
potential  of  our  future  offensive  and  defensive  capability  that  its  prog- 
ress should  receive  as  broad  a  congressional  scrutiny  as  is  possible 
in  order  to  insure  that  this  weapon  system  proceeds  at  a  pace  consistent 
witli  advances  in  technology  and  military  requirements."  12  To  ac- 
celerate development  of  the  bomber,  the  committee  took  two  steps.  It 
"directed"  the  Secretary  of  the  Air  Force  to  use  not  less  than  !s4Hl 
million  during  fiscal  1963  to  proceed  with  production  planning  and 
long  lead-time  procurement  of  the  RS-70.  It  also  added  to  Section 
412  the  following  provision:  "no  funds  may  be  appropriated  after 

8  "Consrrpssional-TCxecutive  Relations  and  the  Foreign  Policy  Consensus,"  52  Am.  Pol.  Stef. 
Rev.  72.r>.  725-26  (1958). 

10  Alton  Frye,  A  Responsible  Congress:  The  Politics  of  National  Security  2  (1975). 
*  H.  Ropt.  No.  1406,  87th  Cong.,  2d  Sess.,  at  7.  Emphasis  In  original. 
"Id.  at  8. 
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December  31,  1961,  to  or  for  the  use  of  any  armed  force  of  the  United 
States  for  research,  development,  or  procurement  of  the  RS-70  weapon 
system  unless  the  appropriation  of  such  funds  has  been  authorized 
by  legislation  enacted  after  such  date."  13 

*In  this  way  the  committee  extended  the  annual  authorization  re- 
quirement from  procurement  to  R&D.  The  Senate  Armed  Services 
Committee  proposed  to  make  the  requirement  even  more  general  to 
cover  research,  development,  test,  or  evaluation  of  all  aircraft,  missiles, 
and  naval  vessels.  That  was  consistent  with  the  committee's  original 
recommendations,  in  1959,  to  require  annual  authorizations  for  design 
and  development  as  well  as  procurement.  The  committee  explained 
that  in  former  times  the  weapons  acquisition  process  involved  a  "rel- 
atively brief  period  of  research  and  development,  followed  by  long 
production  runs."  But  the  complexity  of  modern  weapon  systems  had 
the  effect  of  prolonging  the  research  and  development  period  and 
shortening  the  production  period.  And  as  weapon  systems  became  more 
complex  it  became  more  difficult  to  separate  development  from  pro- 
duction: "The  latter  stages  of  development  and  the  early  stages  of 
procurement  tend  not  to  be  susceptible  to  precise  delineation."  Com- 
mittees with  legislative  responsibility  considered  it  necessary  to  look 
not  only  at  production  but  also  research  and  development,  As  enacted 
into  law,  the  1962  provision  extended  annual  authorization  to  any 
RDT&E  associated  with  aircraft,  missiles,  and  naval  vessels.14 

A  year  later  the  House  Armed  Services  Committee,  urging  greater 
coverage,  pointed  out  that  of  the  $7  billion  expended  for  defense 
RDT&E  in  each  of  the  fiscal  years  1963  and  1964,  only  about  half 
related  to  aircraft,  missiles,  and  naval  vessels.15  The  committee  there- 
fore proposed  that  the  annual  authorization  requirement  be  extended 
to  all  RDT&E.  The  Senate  Armed  Services  Committee  agreed  and  the 
requirement  became  law  in  1963.16 

R&D  Subcommittee 

Under  the  chairmanship  of  Richard  Russell,  the  Senate  Armed 
Services  Committee  met  in  full  committee  to  consider  procurement 
and  RDT&E  requests.  The  committee  faced  a  very  heavy  burden. 
Defense  Secretary  Robert  S.  McXamara,  during  hearings  in  1963. 
estimated  that  the  R&D  budget  contained  about  320  subactivities. 
which  were  aggregations  of  some  1,600  technical  proiects.  Those  proj- 
ects, in  turn,  were  aggregations  of  about  15,000  technical  tasks.  Dr. 
Harold  Brown,  Director  of  Defense  Research  and  Engineering  at  that 
time,  put  the  figure  higher  at  some  20,000  work  units.17 

The  record  of  Congress  in  discharging  its  Section  412(b)  respon- 
sibilities led  some  observers  to  conclude  that  annual  review  of  pro- 
curement and  RDT&E  authorizations  had  actually  weakened  the  leg- 
islative role  in  national  defense.  Although  annual  review  produced 

13  Id.  at  1-2.  For  the  eventual  removal  of  the  "directive"  to  the  Air  Force  Secretarv  and 
163-fi3 ?  30758y(l975)the  RS_7°  b°mber'  See  L°UlS  FisheT'  Pr<^MBP^W%>™, 

s&te|t  j&WcSa^&tf^spi  87-436, 76  stat- 55' sec- 2  (i962)- 

SeeJ^ffi  -.  "0  (1003). 
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more  in  format  ion  for  Congress,  it  accentuated  the  divisions  within 
( longress,  pitting  authorization  committee  against  appropriation  com- 
mittee. In  the  words  of  one  analyst: 

By  Btreesing  committee  prerogatives  and  the  question  of  what  committee  should 
make  decisions,  qo4  what  decisions  should  be  made,  Section  412(b)  weakened 
congressional  cohesion  which  Is  a  prerequisite  for  the  effective  assertion  of  Oon- 
amhority.  especially  In  the  face  of  growing  centralization  in  the  executive 
branch.  The  diffusion  and  dissipation  of  congressional  power  and  authority  were 
more  pronounced  in  the  House,  where  the  armed  services  committee  and  the  ap- 
propriations defense  group  drifted  progressively  apart.  As  a  consequence,  an 
already  strong  defense  secretary  strengthened  his  position  before  Congress.  The 
armed  Berrices  committees  Increased  their  prestige  and  influence  over  security 
affairs  relative  to  the  defense  appropriations  subcommittees  since  the  inception 
of  Section  •lli'd.).  but  Congress'  political  power  in  these  areas  decreased  vis-a- 
vis the  President  and  the  Secretary  of  Defense.18 

During  Senator  Russell's  illness  in  1965,  Senator  Stennis  served  as 
acting  chairman  of  the  Armed  Services  Committee.  Senator  Stennis 
remarked  that  he  had  "always  been  intrigued"  by  the  defense  R&D 
program  "but  I  never  have  been  able  to  get  into  it  to  the  extent  I  would 
like  to."  lie  appointed  a  temporary  subcommittee  to  give  additional 
consideration  to  that  part  of  the  defense  budget.  Senator  Stuart 
Symington  was  named  chairman  of  the  six-member  group :  three  from 
t  he  defense  appropriations  subcommittee  (Allen  J.  Ellender,  Daniel  K. 
Inouye,  and  Milton  R.  Young)  and  three  from  Armed  Services  (Mar- 
garet Chase  Smith  and  Gordon  L.  Allott,  in  addition  to  Symington). 
The  subcommittee  was  asked  to  complete  its  work  within  two  or  three 
weeks,  prior  to  committee  markup  of  the  authorization  bill.19  From  dis- 
cussions with  the  staff  members  associated  with  that  effort,  apparent- 
ly no  Avritten  report  was  prepared. 

When  Stennis  became  chairman  in  1969,  he  established  a  separate 
R&D  Subcommittee  headed  by  Thomas  J.  Mclntyre.  Senator  Mc- 
Intyre  noted  that  the  Subcommittee,  from  the  beginning,  recognized 
that  it  would  be  impossible  to  make  a  detailed  examination  of  each  of 
the  thousands  of  line  items  in  the  R&D  budget.  Members  of  the  Sub- 
committee concluded  that  it  would  be  "more  productive  to  structure  our 
examination  toward  a  testing  of  the  decision-making  process,  and  a 
probing  for  what  we  would  call  soft  spots,  for  examples  of  interservice 
duplication  or  parallel  developments,  or  for  developments  leading  to 
the  satisfaction  of  questionable  operational  requirements."  20  Two  years 
later  Senator  Mclntyre  said  that  his  Subcommittee  was  faced  with 
about  500  line  items  in  the  budget  request,  each  line  item  involving  an 
average  of  three  or  four  projects.  This  produced  "a  myriad  of  about 
4.000  projects:  we  spend  an  awful  lot  of  time,  but  we  are  lucky  if  we 
can  take  a  look  or  have  a  briefing  or  hearing  on,  say,  15  percent  of 
those  projects."  21 

Legislation  in  1973  codified  the  authorization  language  to  make  it 
a  permanent  part  of  Title  10,  United  States  Code.  With  regard  to 
RDT&E.  the  language  now  provides  that  funds  may  not  be  appropri- 

ls  Kolndzipj.  supra  note  5,  at  422-23. 

V|  Military  Procurement  Authorizations,  Fiscal  Year  1966,  hearings  before  the  Senate 
rv.mmlttpe  on  Armed  Services  and  the  Senate  Defense  Subcommittee  on  Appropriations, 
89th  Cong..  1st  Srse.,  501-502  (1965). 

2,1  Authorization  for  Military  Procurement,  Research  and  Development,  Fiscal  YearlQIO, 
and  Ttrsrrve  Strength  (Part  2).  hearings  before  the  Senate  Committee  on  Armed  Sprvices. 
91st  Con-..  1st  Spsr..  1866  (1969). 

■  Wmvan  Fi/stems  Acquisition  Process,  hearings  before  the  Senate  Committee  on  Armed 
Services,  !>2d  Cong..  1st  Sees.,  35-36  (1971). 
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ated  for  any  fiscal  year  to  or  for  the  use  of  any  armed  force,  or 
obligated  or  expended,  for  "any  research,  development,  test,  or  evalua- 
tion, or  procurement  or  production  related  thereto,*'  unless  funds 
have  been  specifically  authorized  by  law.22 

Under  certain  conditions  a  project,  although  lacking  specific  au- 
thorization, may  nevertheless  be  funded  by  the  Appropriations  Com- 
mittee. Senate  Rule  XVI,  which  contains  a  number  of  restrictions 
on  amendments  to  appropriation  bills,  provides  some  opportunities 
for  funding  unauthorized  projects.  For  example,  Paragraph  1  of  that 
Rule  states  that  no  amendments  shall  be  received  to  any  general  ap- 
propriation bill  the  effect  of  which  would  be  to  increase  an  appropria- 
tion already  contained  in  the  bill,  or  to  add  a  new  item  of  appropria- 
tion, unless  "the  same  be  moved  by  direction  of  a  standing  or  select 
committee  of  the  Senate.  .  .  ."  The  requirement  "moved  by  direction'' 
is  satisfied  when  the  Appropriations  Committee  reports  a  bill. 

Technically,  then,  the  Appropriations  Committee  is  limited  by  two 
broad  sets  of  criteria :  the  appropriation  account  must  be  authorized 
(e.g.,  a  lump-sum  amount  for  RDT&E/Xavy),  and  the  Committee 
may  not  exceed  the  dollar  ceiling  authorized  for  the  account.  Those 
two  criteria  do  not  reach  to  detailed  projects  included  within  the 
lump-sum  amount  and  itemized  in  agency  budget  justifications  or 
committee  reports.  Since  the  Armed  Services  Committee  docs  not 
specify  individual  projects  in  its  bill,  the  Appropriations  Committee 
may  fund  an  unauthorized  project  without  doing  violence  to  an  au- 
thorization law.  In  1975  the  Senate  Appropriations  Committee  added 
$5.1  million  for  the  Enforcer  close  support  aircraft,  which  had  not 
been  authorized  by  Senate  Armed  Services.  This  incident  is  explored 
more  fully  in  Section  III  under  the  subheading  "Relationship  to 
Appropriations    Committee.'* 

The  Armed  Services  Committee  exercises  control  over  individual 
projects  by  means  of  "nonstatutory  controls'' — language  in  commit- 
tee reports  and  other  portions  of  the  legislative  history.  The  Appro- 
priations Committee  is  not  legally  bound  by  nonstatutory  controls, 
nor  are  executive  departments  and  agencies.  As  pointed  out  by  the 
Comptroller  General  in  a  letter  to  Senator  Mclntyre:  "Since  the 
RDT&E  appropriation  is  not  a  line-item  appropriation,  the  amounts 
appropriated  for  each  department  .  .  .  represent  the  only  legally 
binding  limits  on  RDT&E  obligations  except  as  may  be  otherwise 
specified  in  the  appropriation  act  itself."23  Recently  the  Comptroller 
General  ruled  that  the  Navy  was  not  required  as  a  matter  of  law  to 
follow  directives  placed  in  a  conference  report.  Agencies  ignore  such 
expressions  of  legislative  intent  "at  the  peril  of  strained  relations 
with  the  Congress."  The  duty  to  abide  by  such  expressions  is  practical, 
not  legal.24 

II.  Departmental  Presentation 

Part  of  the  Pentagon's  presentation  appears  in  the  Defense  Secre- 
tary's annual  "posture  statement"  delivered  to  the  full  Armed  Services 
Committee.  That  record  is  supplemented  by  separate  briefings,  un- 
published studies,  and  the  more  specialized  work  of  the  subcommittees 

22  P.L.  93-155,  87  Stat.  612.  see.  803  ;  eodlfied  as  10  U.S.C.  138.  For  legislative  background 
see  H.  Rent.  93-383.  at  86.  and  H.  Rept.  93-588."at  39^0. 

m  121  Cong.  Roc.  S8149  (daily  ed.  May  14.  1975). 

"Decision  of  the  Comptroller  General  of  the  United  States,  "LTV  Aerospace  Corpora- 
tion," B-1S3S51  (Oct.  1,  1975).  at  22. 
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within  Armed  Services,  The  quality  of  the  presentation  deteriorates 
when  there  is  high  turnover  of  agency  p  1.  Administrative  of- 

ficials, who  have  l>ut  a  year  or  i  wo  at  the  job,  must  spend  most  of  their 
time  gaining  a  general  orientation  and  acquiring  basic  knowledge 
about  the  programs  and  projects  within  their  control.  That  leaves 
little  time  tor  analysis  and  independent  inquiry.  Dependence  on  mili- 
tary and  civilian  career  staff  is  necessarily  high.  The  maximum  limit  on 
career  salaries  in  the  executive  branch,  in  place  since  1969  and  modified 
somewhat  in  1975,  has  made  it  difficult  for  the  Pentagon  to  recruit  and 
hold  the  type  of  people  it  needs  (1971, 3326). 

For  the  past  four  to  five  years  the  Pentagon  has  made  efforts  to  re- 
tain military  project  managers  for  longer  periods  of  time.  Previously, 
turnover  was  high  among  military  personnel  who  found  themselves 
temporarily  assigned  to  the  role  of  project  manager.  To  enhance  their 
career  opportunities  they  preferred  to  move  from  one  position  to 
another,  picking  up  experience  and  training  in  management,  intelli- 
gence, command  of  troops,  and  other  tasks.  At  the  very  point  that  they 
learned  their  job  as  project  manager  the  assignment  would  end. 
Months  would  go  by  before  a  replacement  filled  the  slot  and  compre- 
hended the  ongoing  problems.25 

Annual  Posture  Statement 

The  R&D  Subcommittee  experimented  with  a  new  approach  in  1975. 
In  previous  years  the  question  "Why  do  you  need  this?"  often  went 
unanswered  Ixjcause  departmental  witnesses  were  basically  program 
managers  or  engineers.  The  Subcommittee  had  limited  success  in  exam- 
ining the  specific  details  of  the  current  and  projected  strategic  threat, 
the  quality  of  intelligence  estimates  supporting  the  threat  assessment, 
and  the  relationship  that  existed  between  force  levels  and  the  threat. 

To  strengthen  the  Subcommittee's  analysis  of  those  areas — in  more 
systematic  and  integrated  fashion — hearings  were  held  February  25, 
197.")  to  listen  to  representatives  from  the  strategic  programs  offices  and 
the  Defense  Intelligence  Agency.  The  need  for  a  strategic  nuclear  de- 
terrent was  discussed  solely  in  terms  of  the  Soviet  Union.  As  noted  by 
one  representative  from  the  Defense  Department,  the  People's  Re- 
public of  China  "does  not  pose  a  strategic  military  threat  to  the 
United  States  at  the  present  time  nor  do  we  see  any  change  of  the  status 
for  the  near  future."  Chinese  nuclear  forces  did  represent  a  threat  to 
the  Soviet  Union  (1711). 

The  Soviet  threat  to  the  United  States  was  described  primarily 
along  the  following  lines:  forces  deployed,  weapons  performance, 
commitment  of  funds  and  human  resources,  and  advances  in  science 
and  technology.  Mr.  E.  C.  Aldridge,  Jr.,  Deputy  Assistant  Secretary 
of  Defense  (Strategic  Programs),  warned  the  Subcommittee  that  the 
:  s  are  "deeply  committed  to  the  advancement  of  science  and  tech- 
nology. Accordingly  the  U.S.S.K.  has  allocated  a  greater  share  of  its 
resources  to  military  production  R&D  than  any  other  world  power" 
(1713).  Director  Currie,  of  Defense  Research  and  Engineering,  said 
that  the  Soviets  were  "working  hard  to  change  the  technology  balance 
by  trying  to  gain  initiative  in  many  areas  of  military  R&D"  (2651). 

"Testimony  by  Gilhort  W.  Fitzhugh.  chairman  of  the  President's  "Blue  Ribbon  Defense 
Panel.  Weapon  Systems  Acquisition  Process,  hearings  before  the  Senate  Committee  on 
Armed  Services,  92d  Cong.,  1st  Sess.,  45  (1971). 
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The  extent  of  the  Soviet  effort  has  been  questioned  by  other  authori- 
ties. In  testimony  June  18,  1975,  CIA  Director  William  E.  Colby 
discussed  the  difficulty  of  estimating  Soviet  military  RDT&E  outlays; 
analysis  of  that  area  was  more  difficult  than  for  procurement  or 
operating  costs.  Later  in  those  hearings  the  Director  of  the  Defense 
Intelligence  Agency  stated  that  the  United  States  led  the  Soviet  Union 
in  almost  all  military  technologies,  although  he  expressed  concern 
about  certain  areas  such  as  the  application  of  lasers.  He  also  agreed 
that  larger  Soviet  expenditures  do  not  necessarily  result  in  greater 
effectiveness.26  Dr.  Frederick  Seitz,  President  of  the  Rockefeller  Uni- 
versity, offered  these  comments  during  an  address  to  the  General 
Accounting  Office : 

I  had  the  privilege  recently  of  reading  a  document  that  was  a  translation  not 
of  a  classified  but  of  a  somewhat  privileged  Soviet  analysis  of  their  own  problems 
connected  with  their  expenditures  for  science  and  technology.  The  issues  which 
appeared  in  it  were  a  complete  duplication  of  our  own.  I  think  they're  entering 
into  a  phase  where  they  realize  that  they  cannot  double  the  expenditures  for 
pure  and  applied  science  every  five  years  without  questioning  quite  carefully  the 
way  in  which  the  money  is  spent.27 

How  does  the  Subcommittee  determine  whether  the  Defense  Depart- 
ment is  overstating  the  nature  of  the  Soviet  effort  in  military  tech- 
nology ?  Congressional  distrust  of  Pentagon  tactics  is  deeply  ingrained. 
A  particularly  sharp  critique,  delivered  by  Senator  Mclntyre,  identi- 
fied the  prime  causes  of  public  and  congressional  skepticism  as  the 
Pentagon's  "incessant  cry  of  wolf,  their  indiscriminate  appeals  to 
scare  tactics,  their  unwillingness  to  do  the  difficult  task  of  judging 
priorities.  .  .  ."  Senator  Mclntyre  proceeded  to  rebuke  the  Pentagon 
for  advocating  "ill-conceived,  indefensible,  extravagant,  and  redundant 
programs  on  the  basis  of  testimony  which  often  lacks  candor,  accuracy, 
or  even  a  decent  respect  for  the  constitutional  status  of  the  Congress 
of  the  United  States."  28 

In  an  effort  to  evaluate  the  assertions  of  the  Defense  Department, 
Subcommittee  staff  will  often  check  with  outside  sources,  present  those 
arguments  to  the  Pentagon,  and  then  go  back  to  the  outsiders  with  the 
Pentagon's  rebuttal.  A  budget  request  can  also  be  effectively  analyzed 
by  comparing  different  departmental  statements  in  order  to  judge 
them  from  the  standpoint  of  overall  coherence,  consistency,  and  in- 
tegrity of  the  budget  justification.  The  objective  of  the  search  is  to 
build  a  more  balanced  and  reliable  picture — discovering  "truth 
through  triangulation." 

Detente  and  Arms  Control. — According  to  the  Pentagon,  the  Soviet 
threat  has  not  been  alleviated  by  contemporary  political  accommoda- 
tions. Detente,  for  example,  was  not  a  reason  for  the  United  States 
to  reduce  its  R&D  efforts  in  military  weaponry.  On  the  contrary,  as 
"short-term  tensions  between  the  super  powers  may  be  eased.  long- 
range  technological  and  economic  competition  will  persist  and  in- 
tensify. Renewed  emphasis  must  be  given  to  resources  that  we  apply 
to  long-term  security"  (2639).  Neither  did  the  Pentagon  regard  recent 
arms  control  agreements  as  a  justification  for  cutbacks  in  military 
R&D.  Because  the  Vladivostok  agreement  limited  total  numbers  of 

20  Allocation  of  Resources  in  the  Soviet  Union  and  China — 1975,  hearings  before  the 
Joint  Economic  Committee.  94th  Con?..  1st  Sees.,  22.  31.  123-24  (1975). 

n  Evaluating  Governmental  Performance:  Changes  and  Challenge*  for  (7.1  O.  n  series  of 
lectures  delivered  at  the  United  States  General  Accounting  Office,  1973-1975  (Washington, 
D.C..  Government  Printinsr  Office.  1975)  at  191-92. 

as  121  Cong.  Rec,  S1S923  (daily  ed.  Oct.  29.  1975). 


weap  1  weapon  carriers,  the  accord  "re-enforces  our  nee  I 

technological  progress.  Evolution  in  performance  of  strategic  systems 
will  now  be  tin1  decisive  motivator  on  both  sides  as  we  seek  further 
agreements"  (2640) . 

Both  arguments  deserve  careful  scrutiny  since  they  put  the  Pentagon 
in  essentially  a  "never  lose'9  position.  Detente  and  arms  control  are 
given  as  reasons  for  increasing  R&D  efforts.  What  if  detente  were 
replaced  by  a  more  hostile  political  environmental  and  arms  control 
gave  way  to  an  arms  race?  In  such  a  case  wouldn't  the  Pentagon  also 
<-ite  those  developments  to  justify  greater  R&D  spending^  Whatever 
happens  to  those  external  variables,  the  result  seems  to  be  a  request 
for  additional  funds.  Apparently  those  variables  are  decidedly  second- 
ary and  subordinate  to  the  central  test,  which  is  the  strategic  value  of 
weapons  systems.  As  the  Director  of  Defense  Research  and  Engineer- 
ing told  the  Senate  Armed  Services  Committee  in  1971:  "if  there 
were  no  Soviet  threat,  if  there  were  no  threat  around  the  world.  I  would 
he  the  first  to  come  in  and  ask  this  committee  to  reduce  the  research 
development  budget  of  the  Department  to  zero/'29 

The  claim  that  detente  requires  a  "renewed  emphasis''  on  technologi- 
cal competition  is  not  elaborated  in  the  Department's  published  justi- 
fication statement.  When  Senator  Mclntyre  asked  why  competition 
could  not  be  eased,  Dr.  Currie  replied :  "I  think  that  long-range  com- 
petition is  uncontrollable  from  our  point  of  view.  That  is  the  world 
environment.  .  .  .  We  are  in  a  position  of  having  to  respond.  "We  just 
don't  have  a  choice  in  the  matter"  (2800) . 

The  proposition  that  arms  control  requires  greater  R&D  efforts 
received  more  attention.  The  request. for  funds  for  ballistic  missile  de- 
fense was  justified  in  part  as  a  hedge  against  sudden  abrogation  of 
the  ABM  treaty  (2704.  3234).  But  other  Pentagon  officials  plan  their 
budgets  on  the  assumption  that  there  will  not  be  abrogation.  Mr. 
Leonard  Sullivan,  Jr.,  Assistant  Secretary  of  Defense  for  Program 
Analysis  and  Evaluation,  told  the  House  Committee  on  the  Budget 
that  his  five-year  budget  projection  was  based  on  the  assumption  that 
there  would  be  no  abrogation  of  SALT  agreements.30 

Dr.  Currie  maintained  that  in  an  era  of  mutual  restraints  and  arms 
limitation  "we  should  continue  to  pursue  promising  technological 
options  in  our  strategic  programs  both  in  order  to  preserve  our  capabil- 
ities and  to  encourage  the  Soviets  to  negotiate  future  arms  limitations 
by  convincing  them  of  the  futility  of  attempting  to  surpass  us''  (2003) . 
Increased  R&D  might  be  a  basis  for  cutting  back  on  procurement,  but 
that  is  only  one  of  several  possible  scenarios.  A  larger  budget  for 
American  R&D  might  also  prompt  the  Soviets  to  increase  their  budget. 
It  was  this  action-reaction  phenomenon  that  former  Defense  Secretary 
McXamara  singled  out  as  the  fuel  behind  an  arms  race.31  On  what 
basis  does  the  Pentagon  conclude  that  its  scenario  is  the  most  likely  ? 
The  public  record  is  incomplete  and  unpersuasive  on  that  issue. 

Some  commentators  have  argued  that  arms  control  is  itself  a  stim- 
ulus for  larger  expenditures  on  R&D.  It  is  suggested  that  the  partial 

:    Fiscal  Year  1972  Authorization  for  Military  Procurement,  Research  and  Deveiopmrvt, 
Construction  and  Real  Estate  Acquisition  for  the  Safeguard  ABM  and  Reserve  Strengths 
(Part  l).  hearings  hefore  the  Senate  Committee  on  Armed  Services,  92d  Cone.,  1st 
441  (1971).  Statement  by  Dr.  John  S.  Foster.  Jr. 

*  Force  Structure  and  Long-Range  Projections  (Part  1),  hearings  before  the  Flmse 
Committee  on  the  Budget,  94th  Cong.,  1st  Sess.,  at  4  (1975). 

31  Robert  S.  McXamara,  The  Essence  of  Security,  58-59  (19G8). 
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ti^t  ban  treaty  of  1963  and  the  SALT  Agreement  of  1972  made  it 
necessary  to  "assauge  domestic  critics  of  these  treaty  agreements  by 
promising  a  vigorous  research  and  development  program."32 

Bargaining  Chips. — The  previous  statement  by  Dr.  Currie  suggests 
a  ''bargaining  chip"  policy.  R&D  efforts  are  to  be  accelerated  as  a 
means  of  encouraging  new  constraints  on  weapons.  But  E.  C.  Aldridge, 
Jr.,  Deputy  Assistant  Secretary  of  Defense  (Strategic  Programs), 
told  the  Subcommittee :  "We  do  not  have,  to  my  knowledge,  any  pro- 
grams in  our  request  that  are  called  bargaining  chips.  All  have  stra- 
tegic significance"  (2145).  This  is  ambiguous  in  the  sense  that  bar- 
gaining chips  themselves  could  be  said  to  have  "strategic  significance." 
In  fact,  Dr.  Currie  later  gave  this  advice  to  the  Subcommittee :  "while 
not  readily  admitted  by  defense  witnesses,  there  is  yet  another  com- 
plication in  this  problem  involving  the  identification  of  options,  for- 
merly referred  to  as  bargaining  chips  or  SALT  chips,  those  programs 
which  primarily,  if  not  solely,  are  to  be  traded  away  in  our  negotia- 
tions with  the  Soviets"  (5123) . 

Different  opinions  exist  within  Congress  as  to  the  effectiveness  of 
bargaining  chips.  Some  Members  suggest  that  congressional  support 
of  the  Safeguard  ABM  system  prompted  the  Soviet  Union  to  agree  to 
the  1972  limitations.  Others  reject  that  explanation.  During  a  1975 
debate  Senator  Mondale  maintained  that  it  was  congressional  "mis- 
givings and  opposition"  that  led  to  a  steady  curbing  of  the  ABM  pro- 
gram: "That  restriction,  coupled  with  a  realistic  assessment  on  both 
sides  about  the  limited  value  of  ABM?s,  led  to  the  agreement."  33 

In  its  report  of  September  1974,  the  Committee  for  Economic  De- 
velopment urged  Congress  to  be  "doubly  cautious"  about  authorizing 
any  defense  system  that  is  justified  principally  in  terms  of  its  bar- 
gaining value.  The  Committee  stated  that  Congress  could  participate 
in  such  a  process  "only  by  letting  itself  be  deceived,  by  deceiving  its 
constituents,  or  by  some  congressmen  deceiving  others.  There  are 
certain  diplomatic  tactics  for  which  the  legislative  branch  of  govern- 
ment in  a  democratic  society  is  just  not  suited."  34 

Soviet  Management 

Deputy  Assistant  Secretary  Aldridge  identified  centralization  and 
vertical  structure  as  the  characteristics  of  the  Soviet  R&D  system. 
While  those  features  permitted  the  carrying  out  of  high  priority  H&D 
programs,  they  also  encouraged  "some  duplication  and  some  'wasted 
resources  as  each  of  the  Ministries  tries  to  be  independent"  (1714). 
Defense  Secretary  Schlesinger  told  the  Senate  Appropriations  Com- 
mittee in  1975  that  Soviet  reforms  to  centralize  the  R&D  effort  "have 
not  as  yet  succeeded  totally.  Measures  to  tighten  the  interface  between 
science,  technology,  and  production  continue  to  meet  bureaucratic  re- 
sistance." 35  This  contradiction  between  centralization,  on  the  one  hand, 
and  independent  Ministries  and  bureaucracies  on  the  other,  has  not 
been  clarified  by  published  hearings. 

•'-  Harvey  Brooks.  "The  Military  Innovation  System  and  the  Quantitative  Arms  Race," 
Daedalus.  Summer  1075.  at  75. 

33  121  Cone.  Ree.,  S9422  (daily  ed.  June  3.  19?5). 

w  Congressional  Decision  Making  for  National  Security,  at  35-37. 

»  Department  of  Defense  Appropriations,  Fiscal  Year  1976  (Part  1),  hearings  before  the 
Senate  Committee  on  Appropriations,  94th  Cong.,  1st  Sess.,  220  (1975). 
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Aldridge  did  note  that  the  Soviets  ''follow  a  very  rigid  program  in 
controlling  the  R&D  practices  and  projections.  They  follow  a  proce- 
dure which  allows  them  to  only  produce  and  assemble  and  to  make 
weapon  systems  based  upon  proven  technology.  This  then  causes  them 
to  be  rather  slow  and  cumbersome  in  their  approaches  to  developing 
new  weapons"  (1715).  This  Soviet  approach  was  amplified  later  by 
Dr.  Currie.  who  characterized  the  U.S.  attitude  toward  defense  R&D 
as  a  search  for  new  technology  or  ''quantum  jumps."  The  thrust  of  the 
T'.S.  effort  was  to  push  back  frontiers  of  technology,  discover  revolu- 
tionary solutions,  stress  innovation,  and  foster  rapid  change.  By  con- 
tract, the  Soviets  practice  a  policy  of  "conservative  incrementalism," 
encouraging  step  improvements  of  existing  systems  and  components. 
Their  policy  was  more  evolutionary  than  revolutionary  (2641).  The 
Soviet  system  "seems  to  discourage  real  innovations,  and  despite  what 
we  perceive  as  large-scale  development  efforts,  they  frequently  fall 
short  of  achieving  what  we  accomplish  with  far  less  direct  effort'' 

(2652)- 
Later  in  the  Currie  statement,  however,  this  distinction  between  the 

U.S.  and  Soviet  systems  of  management  began  to  fade.  He  said  that 
U.S.  technology  base  programs  (creation  of  options)  are  'mot  aimed 
at  exploring  revolutionary  concepts  but  are  directed  towards  achieving 
incremental  improvements  in  areas  of  well  recognized  and  important 
need  for  improved  military  capability'"  (2682).  He  admitted  that  it 
was  an  "oversimplieation'5  to  characterize  the  U.S.  approach  as  wholly 
quantum- jump  oriented.  Moreover,  the  Soviets  were  departing  from 
their  incremental  approach:  ''They  look  at  our  system,  see  how  pro- 
ductive it  has  been  in  the  past,  and  in  fact  they  are  going  down  pro- 
gressive, more  innovative  paths"  (2782).  To  tlie  House  Appropriations 
Committee  he  remarked  that  in  the  last  4  or  5  years  the  Soviets,  in  the 
general  R&D  area,  "have  shown  sharp  shifts  to  a  more  quantum  jump- 
oriented  approach  such  as  we  have."  3G  Precisely  how  the  American 
and  Russian  management  systems  actually  differ  was  never  made  clear. 

Xor  was  it  clear  from  the  hearings  whether  ''centralization''  was  an 
asset  or  a  defect.  The  Currie  statement  described  the  Soviet  military 
R&D  system  as  "highly  centralized,  its  priorities  are  the  highest  in 
the  Soviet  economy  and  its  guidance  and  control  come  directly  from 
the  Politburo — about  half  of  whose  members  have  technical  back- 
grounds'' (2651).  This  would  seem  to  underscore  the  nature  of  the 
Soviet  threat. 

But  other  statements,  some  already  cited,  suggest  that  centralization 
is  nor  such  an  advantage.  The  Fitzhugh  Report  of  1970  warned  that  a 
"highly  centralized  decision-making  process  oriented  to  a  single  deci- 
sion point,  whether  the  decision  point  consists  of  one  or  two  men.  is 
inherently  inadequate  to  manage  the  spectrum  of  activities  required  of 
the  Department  of  Defense."  3r  In  1972  the  Director  of  Defense  Re- 
search and  Engineering  (Dr.  John  S.  Foster,  Jr.)  distinguished  be- 
tween two  activities :  "We  are  centralizing  in  the  Office  of  the  Secretary 
of  Defense  the  direction  and  control  of  the  intelligence  activity  and  the 
telecommunications  activity ;  but  we  are  decentralizing  the  execution  of 

m  Department  of  Defense  Appropriation*  for  1976  (Part  4).  hearings  before  the  House 
Committop  on  Appropriations,  94th  Congr.,  1st  Sess.,  544-45  (1975>. 

37  Rerwrt  to  the  President  and  the  Secretary  of  Defense  on  the  Department  of  Defense, 
by  the  Blue  Ribbon  Defense  Panel,  July  1,  1970,  at  23. 
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the  programs  that  have  been  approved."  3S  The  Pentagon  has  begun  to 
provide  in-house  laboratories  with  ''blockf unding"  for  greater  manage- 
ment autonomy  and  responsibility  (2648).  The  Pentagon's  ''Statement 
of  Principles  for  Department  of  Defense  Research  and  Development," 
with  regard  to  program  management,  encourages  delegation  "wherever 
feasible"  (2769) .  An  assistant  secretary  told  the  R&D  Subcommittee  in 
1975  that  the  Navy's  research  and  development  program  depended  not 
so  much  upon  him  as  upon  the  '"performance  of  the  decentralized 
project  manager  organization  to  do  the  job"  (2969) . 

Auxiliary  Justifications 

In  addition  to  the  threat  from  the  Soviet  Union,  the  Department  of 
Defense  put  forth  a  number  of  other  arguments  to  support  its  R&D 
budget  request.  The  Currie  justification  statement  in  1975  discussed 
events  over  the  last  year  that  signalled  a  world  of  changing  leader- 
ship, power  status  and  access  to  raw  materials:  "This  requires  that 
Defense  R&D  be  broadly  based  and  flexible  so  that  it  can  produce  op- 
tions for  unpredictable  contingencies"  (2639). 

Although"  Dr.  Currie  stated  that  R&D  programs  were  proposed 
"solely  on  their  direct  contribution  to  national  security  objectives." 
and  that  there  is  "no  other  purpose"  for  defense  R&D,  including  "civil 
economic  reasons,"  he  wanted  Congress  and  the  public  to  understand 
that  "an  enormous  civil  bonus"  resulted  from  defense  R&D.  The  mili- 
tary effort  had  given  impetus  to  such  new  industries  as  jet  engines, 
computers,  and  nuclear  power.  The  requirements  of  the  Defense  De- 
partment served  to  stimulate  the  "exploration  and  mastery  of  ever 
newer  frontiers  of  technology"  (2639).  Later  he  reminded  the  Sub- 
committee that  defense  technology  supported  the  "critical  early  devel- 
opment of  many  technologies  that  are  now  part  of  our  everyday  ex- 
perience and  important  elements  of  our  economic  strength"  (2672). 
That  is  a  delicate  argument,  for  to  press  the  point  too  strongly  can 
create  the  impression  that  the  Soviet  threat  is  insufficient  to  justify  the 
entire  R&D  budget. 

An  alternate  justification  invoked  the  images  of  national  pride  and 
national  character.  In  explaining  the  American  ability  to  apply  science 
to  practical  ends,  Dr.  Currie  pointed  to  three  characteristics :  national 
style,  incentives,  and  institutions.  For  the  latter,  the  availability  of 
both  in-house  laboratories  and  Federal  Contract  Research  Centers 
served  as  links  between  the  Defense  Department  and  the  universities 
and  industry.  Incentives  were  also  important,  for  they  offered  pay  and 
prestige  to  successful  individuals  and  profits  to  corporations.  But  Dr. 
Currie's  description  of  national  style  was  particularly  intriguing: 

Modern  America  evolved  from  a  frontier  society.  The  frontier  today  lies  in 
science  and  technology,  and  Americans  remain  anxious  to  reach  out  and  explore. 
We  have  a  competitive  society,  and  science  and  technology  are  highly  competitive. 
Individual  initiative  is  cur  hallmark.  There  is  a  boldness,  a  willingness  to  set 
high  goals,  to  risk,  and  to  be  conspicuous — in  a  loss  or  a  win — that  has  been 
part  of  our  heritage  and  part  of  our  education.  There  has  evolved  a  basic  con- 
fidence that  investment  in  research  and  development,  coupled  to  real  needs  in  a 
competitive  environment,  will  provide  the  edge — and  it  has  (2640). 

^Fiscal  Yar  197S  Authorization  for  Military  Procurement,  Research  and  Devlonment, 
Construction  Authorization  for  the  Safeguard  ABM,  and  Active  Duty  and  Selected  R 
strengths  (Part  2).  hearings  before  the  Senate  Committee  on  Armed  Services.  92d  Cong., 
2d  Sess.,  824  (1972). 
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Unless  this  passage  is  road  narrowly  to  associate  R&D  to  "real 
la,"  it  suggests  technology  for  the  sake  of  technology.  In  1974  Dr. 
Carrie  emphasized  that  the  R&D  budget,  in  addition  to  being  based  on 
congressional  perception  of  external  threats,  depended  also  on  "the 
element  of  faith."  He  explained  that  science,  technology,  a  sense  of 
innovation,  and  an  adventuresome  spirit  had,  in  the  past,  been  key 
elements  "in  building  the  foundation  for  the  past  and  for  the  present 
and  1  think  it  will  every  hit  as  much  for  the  future.  So  in  this  respect 
your  decisions  in  this  committee  are  decisions  of  vision." 39 

This  emphasis  on  technology  is  significant,  since  the  strong  support 
extended  to  scientific  research  (particularly  after  the  launching  of  the 
Soviet  Sputnik  in  1957)  shows  signs  of  tapering  off.  In  1972  the  Com- 
mission on  Government  Procurement  reported  that  the  latter  half  of 
the  1960s  registered  profound  changes  in  attitudes  toward  R&D.  De- 
spite the  successful  manned  lunar  landing  in  1969, 

.  .  .  public  disenchantment  led  to  questions  regarding  the  utility  of  costly  de- 
and  space  endeavors  especially  in  the  presence  of  growing  discontent  and 
concern  for  social  problems  such  as  education,  the  environment,  health,  housing, 
and  transportation.  These  changes  in  national  attitude  dampened  the  enthu- 
siasm for  basic  research,  academic  science,  and  the  training  of  scientific  man- 
power in  favor  of  increased  attention  to  more  immediate  and  visible  goals  in 
the  public  sector.40 

Time  magazine,  in  1973,  described  the  public's  attitude  toward  sci- 
ence as  one  of  "deepening  disillusionment."  41  Dr.  Frederick  Seitz, 
President  of  the  Rockefeller  University,  has  observed  that  the  trend 
since  the  mid-1960's  has  been  to  "downgrade  the  emphasis  on  science 
for  its  own  sake  or  for  its  use  in  solving  everyday  problems."  Scien- 
tific research,  in  academic  institutions  had  been  most  influenced  by 
those  changes,  "but  their  effect  runs  deeply  throughout  our  society,  as 
anyone  who  attempts  to  raise  funds  for  scientific  research  from  pri- 
vate sources  quickly  learns."  42 

III.  Congressional  Review 

In  reviewing  the  Pentagon^  request  for  fiscal  1976  and  the  July- 
September  1976  transition  period,  the  R&D  Subcommittee  held  infor- 
mal briefings  with  departmental  personnel  prior  to  its  regularly  sched- 
uled hearings.  Field  trips  by  committee  members  and  committee  staff 
were  also  arranged.  Those  efforts  are  supplemented  by  year-round 
contacts  (phone  or  personal  visits)  between  the  Subcommittee  and 
Pentagon  officials.  Correspondence  from  the  committee  can  also  be 
effective.  For  example,  in  1973-74  the  Senate  Armed  Services  Com- 
mittee was  successful  in  slowing  down  the  Navy's  Surface  Effect  Ships 
(SES)  program.  Based  on  a  GAO  study,  the  committee  was  able  to 
persuade  the  Department  of  Defense  that  it  should  not  proceed  with  a 
prototype  follow-on.43 

•"•'  I'is'fil  Year  1975  Authorization  for  Military  Procurement,  Research  and  Development, 
anl  Active  Duty,  Selected  Reserve  and  Civilian  Personnel  Strengths  (Part  3),  hearings 
b<  f'.r<'  tiio  Senate  Committee  on  Armed  Services.  93d  Cong.,  2d  Sess.,  865  (1974). 

4  Import  of  the  Commission  on  Government  Procurement,  December  1972,  Volume  Two, 
at  54. 

4  Cited  In  Amitai  Etzioni  and  Clyde  Nunn,  "The  Public  Appreciation  of  Science  in  Con- 
temporary America,"  Daedulus,  Summer  1974,  at  192. 

«-  Evaluating  Governmental  Performance:  Changes  and  Challenges  for  GAO,  a  series  of 
lectures  delivered  at  the  United  States  General  Accounting  Office,  1973-1975  (Washington, 
D.C..  Government  Printing  Office,  1975),  at  182. 

«  S.  Ropt.  884,  93d  Cong.,  2d  Sess.,  106  (1974). 
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The  committee  schedule  for  calendar  1975  was  particularly  tight 
because  of  the  new  congressional  budget  process.  Senator  Stennis  es- 
tablished the  goal  of  May  15  for  the  full  Armed  Services  Committee  to 
complete  action  on  the  authorization  bill.  Consequently,  the  R&D  Sub- 
committee had  to  report  its  recommendations  to  the  full  committee  two 
weeks  earlier  than  in  the  past.44 

Regarding  formal  hearings,  the  Subcommittee  met  on  sixteen 
separate  days  from  February  25  through  April  21,  1975.  Except  for 
March  19  and  April  17,  the  Subcommittee  met  both  morning  and 
afternoon.  Subcommittee  chairman  Thomas  J.  Mclntyre  was  present 
for  all  but  one  of  the  thirty  sessions :  the  afternoon  of  April  15,  which 
was  conducted  solely  by  staff  members.  Attendance  for  other  Sub- 
committee members  ranged  from  fourteen  sessions  to  two  sessions. 
That  was  a  marked  improvement  over  previous  years.  In  1974,  to 
provide  one  benchmark,  the  R&D  Subcommittee  met  35  times.  On 
24  of  those  occasions  Senator  Mclntyre  was  the  only  member  present ; 
on  no  occasion  was  he  joined  by  more  than  one  Senator. 

On  days  that  Senators  are  present,  other  duties  frequently  cause 
them  to  come  late  to  a  hearing  or  leave  early.  The  number  of  sessions 
attended,  therefore,  is  not  always  the  best  measure  of  the  number 
of  hours  invested.  Yet  Senators  can  also  participate  by  submitting 
questions,  having  staff  attend  in  their  place,  conducting  field  trips  on 
their  own,  and  other  activities. 

Multiple  Committee  Assignments 

Infrequent  attendance  reflects  the  intense  schedule  that  confronts 
each  Senator.  It  has  been  estimated  that  the  average  Congressman 
spends  one-fourth  of  each  week  on  floor  duties  and  another  fourth  on 
legislative  research  and  responding  to  mail.  Additional  time  is  con- 
sumed by  constitutent  problems,  visits  with  constituents,  leadership 
or  party  functions,  writing,  meeting  with  lobbyists,  and  press  work, 
radio  and  TY.  That  leaves  12  percent  of  each  week  for  committee 
meetings  and  another  5.9  percent  for  committee  work  performed  out- 
side of  committee.45  Interviews  on  the  Senate  side  suggest  that  ap- 
proximately 20  percent  (and  probably  less)  of  a  Senators  week  is 
available  for  committee  work. 

Staff  assistance  for  the  R&D  Subcommittee  in  1975  included  Hyman 
Fine,  staff  director:  Robert  Q.  Old.  assistant  to  the  two  Republican 
members:  George  Foster,  from  the  full  committee  staff:  and  Charles 
Cromwell,  staff  director  of  the  Tactical  Air  Power  Subcommittee 
which  shares  iurisdiction  over  R&D.  Staff  members  from  the  Senators' 
individual  offices  also  assist:  Larry  Smith  for  Senator  Mclntyre. 
Douglas  Racine  for  Senator  Leahy,  Charles  Stevenson  for  Senator 
Culver,  and  William  Lind  for  Senator  Taft.  Mr.  Smith  has  now  joined 
the  staff  of  the  Armed  Services  Committee.  Staff  members  from  the 
Senators'  individual  offices  estimate  that  15-20  percent  of  their 
time  is  devoted  to  R&D  Subcommittee  matters.  Mr.  Smith,  as  assist- 
ant to  Chairman  Mclntyre,  spent  considerably  more  time  than  that — 
as  much  as  50-70  percent  of  his  year.  In  previous  years  only  com- 

**  121  Cong.  Rec,  S9196  (daily  ed.  June  2.  1975).  Statement  by  Senator  Mclntyre. 
45  Study  by  John  S.   Saloma  III,  reprinted  in   The  Job  of  a  Congressman,  Donald  G. 
Tacheron  and  Morris  K.  Udall,  second  edition  (1970),  at  303-304. 
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mittce  staff  were  permitted  to  Attend  hearings.  Recently,  however. 
staff  members  from  Senators1  offices  are  not  only  allowed  to  attend  bnt 
invited  to  ask  questions  of  Defense  Department  witnesses  when  their 
Senator  is  absent. 

The  workload  problem  for  Senators  is  aggravated  by  multiple  com- 
mittee assignments.  One  hundred  members  of  the  Senate  have  to  do 
the  work  of  135  members  of  the  House.  For  the  first  session  of  the 
93d  Congress,  House  members  filled  2,452  committee  and  subcom- 
mittee slots  an  average  of  5.6  per  member.  Senators  filled  1,585 
slots — an  average  of  15.9  per  member.46  With  respect  to  the  particular 
mments  of  R£I)  Subcommittee  members — counting  committees 
and  subcommittees — Senator  Mclntyre  had  fourteen  assignments  in 
1975,  Senator  Culver  six.  Senator  Leahy  six,  Senator  Taft  nineteen, 
and  Senator  Goldwater  eight.  A  number  of  those  assignments  are  to 
subcommittees  that  meet  infrequently  or  not  at  all. 

Opinions  differ  on  the  value  of  multiple  subcommittee  assignments. 
The  practice  results  in  sparse  attendance  at  hearings,  inadequate  prob- 
ing of  agency  testimony,  heavy  dependence  on  committee  staff,  and 
representation  at  many  hearings  of  only  one  part  or  one  philosophical 
point  of  view.  The  number  of  subcommittees  could  be  reduced,  as  well 
as  the  number  on  which  any  Senator  must  serve.  However,  as  Senator 
Muskie  has  noted,  that  "would  also  tend  to  narrow  the  areas  in  which 
he  works,  and  thus  narrow  the  horizon  within  which  he  works  cre- 
atively/' 47  In  its  report  of  June  1975,  the  Murphy  Commission  con- 
cluded that  hearings  and  preliminary  action  by  even  two  or  three 
interested  Senators  in  subcommittee  "may  be  preferable  to  less  fre- 
quent and  detailed  deliberations  at  the  full  committee  level.  In  short, 
despite  practical  limitations,  particularly  in  the  Senate,  active  sub- 
committees can  increase  both  the  scope  and  depth  of  Congressional 
consideration  of  foreign  policy  matters.*' 48 

Terminating  Programs 

Faced  with  thousands  of  individual  research  projects  and  an  ever- 
demanding  schedule,  how  do  Senators  on  the  R&D  Subcommittee 
decide  where  to  focus?  On  what  part  of  the  budget  request  do  they 
concentrate?  "With  what  success  are  programs  of  low  priority  ter- 
minated? The  importance  of  programs  of  a  relatively  small  size  is 
borne  out  by  figures  released  by  the  House  Armed  Services  Commit- 
tee. For  fiscal  1975  there  were  503  R&D  programs  that  were  less  than 
$25  million  each.  Yet  they  totaled  $4.9  billion,  or  more  than  half  the 
budget  request.49 

The  capacity  of  small  R&D  projects  to  blossom  into  big  ones  is 

especially  troublesome  when  the  Pentagon  finds  it  difficult  to  terminate 

projects.  The  Senate  Armed  Services  Committee  observed  in  1971  that 

the  "record  is  replete  with  examples  of  parochialism  among  the  Serv- 

unwarranted  duplication  of  weapons  system  developments,  and 


"Charles  O.  .Tone?.  "Congressional  Committees  and  the  Two-Party  System."  Committee 
Organization  in  the  House,  House  Select  Committee  on  Committees,  93d  Cong.,  1st  Sess., 
Volume  2  of  3.  Part  3  of  3.  at  568. 

*■  Senator  Edmund  S.  Muskie.  "Committees  and  Subcommittees  in  the  Senate,"  in  The 
Senate  Institution,  Nathaniel  Stone  Preston,  ed.  (1969).  at  125. 

*»  Commission  on  the  Organization  of  the  Government  for  the  Conrfuct  of  Foreign  Policy, 
June  1  f ♦  7 r,  (Washington.  D.C.  :  Government  Printing  Office),  at  206-207. 

«•  Military  Posture  (Part  4).  hearings  before  the  House  Committee  on  Armed  Services, 
94th  Cong..  1st  Sees.,  3735  (197"). 


the  non-productive  perpetuation  of  research  and  development  efforts 
which  finally  result  in  major  program  terminations  and  waste  of  re- 
search and  development  dollars.'' 50 

In  a  major  address  in  1974  before  the  Electronics  Industries  Associ- 
ation, Senator  Mclntyre  expressed  the  need  for  greater  selectivity  in 
defense  R&D,  since  a  program  ;;once  initiated  becomes  most  difficult 
to  stop  or  substantially  alter.  It  picks  up  momentum  with  each  step 
in  the  R&D  cycle.  A  service,  or  elements  within  a  service,  develop 
vested  interest  in  programs  deriving  from  R&D  beginnings.  So  do 
you  in  industry.  So  do  we  in  Congress."  Although  the  Mclntyre  Sub- 
committee supported  the  maintenance  of  a  strong  technology  base 
(research  and  exploratory  development),  it  found  that  such  efforts 
progressed  to  advanced  development  under  the  notion  that  the  move 
was  "tentative.*'  Then  Congress  is  advised  that  laboratory  develop- 
ment has  reached  its  limits :  advancement  to  engineering  development 
is  necessary  to  see  if  component  technology  can  be  integrated  into  a 
system.  Soon  the  program  is  on  its  way  toward  pre-production  copies 
and  deployment.  Although  the  Subcommittee  may  be  told  at  each  stage 
that  options  are  open  and  that  no  commitment  has  been  made,  it  is 
difficult  to  cancel  a  program  after  hundreds  of  millions  of  dollars  have 
been  invested.51 

Terminations  should  be  frequent  in  the  high-risk  ventures  of  mili- 
tary R&D.  Dr.  George  H.  Heilmeier,  Director  of  the  Defense  Advanced 
Research  Projects  Agency  (DARPA),  told  the  Subcommittee  that  if 
it  wanted  a  research  organization  to  push  technological  frontiers, 
achieve  breakthroughs,  and  make  quantum  jumps,  the  organization 
needed  the  "freedom  to  fail.'*  Defense  Secretary  Schlesinger  had  given 
him  this  advice:  "Heilmeier,  if  you  are  too  successful,  I  am  going  to 
think  you  are  not  doing  your  job  because  you  are  not  pushing  the  fron- 
tiers hard  enough."  The  Defense  Secretary  had  talked  about  a  10-per- 
cent probability  of  success  (3322) . 

DARPA  is  a  particularly  high-risk  enterprise,  but  Group  One  pro- 
grams (selection  and  demonstration  of  options)  were  also  described  by 
the  Pentagon  as  "often  risky — but  payoffs  from  success  are  great. 
There  will  be — and  should  be — failures  .  .  ."  (2642).  Congressman 
George  H.  Mahon  offered  this  perspective  on  defense  R&D :  "Of  course, 
there  are  many  instances  where  we  spend  money  on  research  and  do  not 
get  any  valuable  return,  but  that  is  a  gamble  you  have  to  take  in  some 
cases.*'  Dr.  Currie  agreed:  "You  know,  research  and  development  by 
its  inherent  nature  is  sometimes  speculative.  It  is  not  a  sure  thing.*' 52 

If  RDT&E  is  by  its  nature  a  high-risk  operation,  why  are  there  so 
few  terminations?  The  record  shows  that  it  is  difficult,  in  practice,  for 
DOD  to  cancel  an  R&D  project.  Dr.  Currie  admitted  that  there  were 
"institutional  pressures''  (military  services)  that  made  it  difficult  to 
cancel  R&D  programs.  Marginal  programs  may  be  perpetuated  as  a 
result  of  industry  pressures  applied  within  Congress  as  well  as  within 
the  Office  of  the  Secretary  of  Defense  and  the  Services  (2706-2797). 

"  S.  Kept  359.  92d  Cone:..  1st  Sess.,  So  (1971). 

■•  1120  Cong.  Bee,  S7340-43  (daily  ed.  May  S.  1974).  As  one  studv  notes.  If  Members  of 
Congress  conclude  that  an  R&D  project  may  move  inexorably  into  production,  thev  mav  be 
reluctant  to  see  the  project  started  at  all.  U.S.  Military  RAD  Mnnaaemcnt,  Special  Report 
Vq-qT  :  X0,  14  (The  Center  for  Strategic  and  International  Studies,  Georgetown  University. 

'-■  Department  of  Defense  Appropriations  for  197G  (Part  4),  hearings  before  the  House 
Committee  on  Appropriations,  94th  Cong.,  1st  Sess.,  539  (1975). 
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Senator  Mclntyre  commented  on  the  fact  that  "you  got  one  brigadier 
general,  one  congressman,  on  an  R&D  program  and  just  try  to  turn 
that  son  of  a  gun  otT.  You  cannot  do  it."  That  was  a  problem  not  only 
in  advanced  R&D  but  in  more  junior  programs  as  well  (3322). 

Search  for  Substantiation 

After  the  protracted  struggle  in  19G9  and  1070  over  the  Safeguard 
ABM  system,  with  the  principal  challenge  coming  from  the  Senate, 
review  hearings  by  the  Senate  Armed  Services  Committee  revealed 
a  iirmer  and  more  resolute  tone.  During  hearings  in  1971  Senator  Sten- 
nis  warned  officials  from  the  Defense  Department :  "I  know  a  long  time 
you  were  able  to  justify  $7  or  $8  billion  worth  of  what  is  roughly  called 
i  rch  and  development  and  evaluation  by  just  talking  about  the  im- 
portance of  research  in  general  terms  and  you  got  those  billions  of 
dollars.  I  do  not  think  you  will  be  able  to  do  that  much  longer  ...  I 
think  some  year,  maybe  this  year,  you  will  be  riding  for  a  fall  on  this 
thing."  53 

During  the  1975  hearings,  when  the  Pentagon  relied  on  assertions 
and  claims  without  supporting  documentation,  members  of  the  R&D 
Subcommittee  pressed  for  evidence.  For  example,  the  DOD  justifica- 
tion statement  claimed  that  Soviet  air  and  missile  defense  E&D  efforts 
indicated  that  they  intend  to  upgrade  their  defensive  forces:  ''The 
overall  magnitude  of  their  R&D  effort  causes  us  concern  because  our 
efforts  in  this  area  are  to  [sic]  austere  in  comparison"  (2703).  A  staff 
member  asked  what  was  the  quality  of  Soviet  ballistic  missile  defense 
today  and  how  did  it  compare  with  the  Safeguard  system.  Dr.  Currie 
replied :  i;I  don't  know."  In  a  statement  provided  for  the  record,  the 
Pentagon  concluded  that  "our  uncertainties  as  to  the  purpose  and 
precise  nature  of  these  activities  precludes  any  firm  determination  of 
the  size  of  the  total  Soviet  ABM  R&D  effort"  (2871-2872).  Another 
statement  for  the  record  estimated  that  the  United  States  was  not  ten 
years  ahead  of  the  Soviets  in  ballistic  missile  defense  technology  and 
it  was  '-entirely  possible,  that  we  are  not  five  years  ahead."  It  was  felt 
that  the  Soviets  had  a  stronger  resolve  to  develop  and  test  BMD  sys- 
tems (2873) .  As  refined  by  those  remarks,  the  original  statement  has  an 
abrupt  and  stark  quality. 

Also  jarring  was  the  statement  that  continuation  of  Soviet  naval 
growth  into  the  1980s  "could  result  in  Soviet  domination  of  all  sea 
lanes"  (2944).  Senator  Leahy  asked  whether  that  meant  that  the  So- 
viets would  determine  whether  other  countries  could  use  the  sea  lanes. 
Mr.  IT.  Tyler  Marcy,  a  new  Assistant  Secretary  of  the  Navy,  had 
difficulty  in  formulating  a  reply  : 

The  point  I  am  trying  to  make,  inasfar  as  the  research  work  is  concerned,  this 
pr.  (grammatically,  what  dominates  our  thinking  is  not  so  much  force  balance  or 
maritime  balance  of  numbers  of  ships  as  such,  but  if  you  will,  the  competitive 
strengths  and  weaknesses  of  our  situation  this  would  be  true  in  almost  any 
enterprise.  That  is  what  we  try  to  concentrate  on. 

And  I  do  not  pretend  to  be  an  amateur  admiral  with  0  months  in  Washington 
responding  to  balance  questions,  which  is  why  I  would  like  to  ask  the  admiral  to 
epeak  (2064). 


<rnl  Year  I97te  Authorization  for  Military  Procurement,  Research  and  Development, 
Conxtrurtinn  nr.d  Real  Estate  Acquisition  for  the  Safeguard  ABM  and  Reserve  Strengths 
(T'-iri-  1>.  hearings  before  the  Senate  Committee  on  Armed  Services,  02d  Cong.,  1st  Sess., 
323  (1971). 
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Senator  Leahy  pressed  for  an  answer  as  to  how  the  Soviets  would 
dominate  the  sea  lanes :  "How  would  they  go  about  doing  it?  Is  it  just 
because  they  are  in  a  situation  where  commercially  they  can  oiler 
better  deals,  or  is  it  going  to  be  an  out  and  out  military  thing  where 
they  say  these  sealanes  shall  be  used  only  by  Soviet  approved  ships?*' 
Vice  Admiral  Moran,  backstopping  for  the  Assistant  Secretary,  re- 
sponded to  Senator  Leahy :  "you  ask  fine  questions.  How  you  exercise 
control  of  the  sea  is  a  question  that  is  just  very  difficult  to  answer" 
(2965). 

Senator  Culver  challenged  the  scenario  of  Soviet  dominance  of  sea 
lanes.  He  told  Assistant  Secretary  Marcy  that  the  United  States  had 
elected  to  build  fewer,  more  costly,  more  sophisticated  ships.  The  Pen- 
tagon then  used  the  disparity  in  numbers  to  try  for  budget  increases. 
"Now  look  it,"  said  Senator  Culver,  "you  get  awfully  tired  of  arguing 
first  quality  and  then  quantity,  and  then  asymmetrical,  and  then  sym- 
metrical, and  then  we  are  not  interested  in  arithmetic,  and  then  we 
really  are,  and  you  know,  it  just  gets  kind  of  tiresome."  After  Senator 
Culver  had  raised  some  additional  points  regarding  political  develop- 
ments, force  balance,  and  strategic  options.  Admiral  Moran  remarked 
that  "you  asked  a  few  questions  which  are  beyond  the  normal  ken  of 
research  and  development  organizations''  (2967).  That  reply  also  dis- 
turbed Senator  Culver,  for  the  Pentagon  seemed  to  want  it  both 
ways.  As  Senator  Culver  noted :  "I  always  find  that  research  and  de- 
velopment types  are  very  willing  to  talk  about  the  Soviet  threat  .  .  . 
they  are  very  willing  to  talk  about  how  big  and  bad  the  Russians  are, 
but  suddenly  when  we  ask  you  a  question,  to  say,  all  right,  measure  it 
against  our  corresponding  capabilities,  you  say  woops,  sorry,  that  is 
not  within  my  jurisdictional  preserve.  We  had  better  wait  for  these 
force  structure  experts"  (2968) . 

Relationship  to  Appropriations  Committee 

Prior  to  1969  the  relationship  between  the  Armed  Services  Com- 
mittee and  the  defense  appropriations  subcommittee  was  unusually 
close.  Richard  B.  Russell  chaired  both  committees,  from  1963  through 
1968,  while  Leveret t  Saltonstall  was  ranking  minority  of  both  Armed 
Services  and  the  defense  appropriations  subcommittee  from  1959 
through  1966.  During  this  period  the  two  committees  experimented 
with  forms  of  coordination  and  cooperation.  From  1964  through  1967 
the  committees  held  joint  hearings.  Senator  Russell  hoped  that  the 
procedure  would  expedite  congressional  consideration  of  the  defense 
program  and  "avoid  unnecessarily  repetitious  hearings,"  both  for  wit- 
nesses and  for  members  of  Armed  Services  and  the  defense  appropria- 
tions subcommittee.54  That  approach  was  abandoned,  in  part  because 
it  left  insufficient  time  for  questioning  by  Senator?.  Another  effort  to 
link  the  two  committees  was  the  part  played  by  William  Woodruff,  a 
member  of  the  Appropriations  Committee  staff,  who  sat  in  on  hearings 
by  the  Armed  Services  Committee  in  1968  and  1969. 

When  Senator  Russell  became  chairman  of  the  full  Appropriations 
Committee,  in  1969,  he  gave  up  the  chairmanship  of  Armed  Services, 
following  the  Senate  custom  of  noff  chairing  more  than  one  standing 


64  Department  of  Defense  Appropriations,  1965,  hearings  before  the  Senate  Committees 
on  Armed  Services  and  Appropriations,  88th  Cong.,  2d  Sess.,  1  (19G4). 
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committee.88  During  his  two  yours  as  chairman  of  the  Appropriations 
Committee  (and  of  the  defense  appropriations  subcommittee),  there 
remained  a  close  linkage  bet  ween  the  Appropriations  and  Armed  Serv- 
-  ( Jommitl 

Allen  J.  Ellender  became  chairman  of  Senate  Appropriations  in 
1971,  chairing  also  the  defense  appropriations  subcommittee.  Since 
Senator  Ellender  had  never  served  on  Armed  Services,  the  relationship 
between  the  two  full  committees  was  now  different.  Coordination  be- 
tween the  two  committees  was  helped  by  some  overlapping  of  mem- 
bip.  Senator  Stennis  was  third  ranking  member  of  the  defense 
appropriations  subcommittee.  Senator  Margaret  Chase  Smith,  member 
of  Armed  Services,  was  second  ranking  minority  on  the  defense  appro- 
priations subcommittee.  Moreover,  three  members  of  Armed  Services 
sat  on  the  defense  appropriations  subcommittee  as  "ex  officio''  mem- 
bers: Senators  Stuart  Symington  and  Henry  M.  Jackson  (for  the 
majority)  and  Strom  Thurmond  (for  the  minority) . 

As  a  result  of  the  Legislative  Reorganization  Act  of  1970,  over- 
lapping membership  on  major  committees  is  now  being  phased  out. 
A  "grandfather  clause"  protected  Senators  who  enjoyed  dual  status 
on  the  following  committees:  Appropriations,  Armed  Services.  Fi- 
nance, and  Foreign  Relations.56  When  Margaret  Chase  Smith  left  the 
Senate,  John  Stennis  became  the  only  Senator  with  dual  membership 
on  Appropriations  and  Armed  Services. 

The  relationship  between  Appropriations  and  Armed  Services 
changed  substantially  after  1971.  During  debate  that  year  on  the  de- 
fense appropriations  bill,  Senator  Mclntyre  offered  an  amendment 
to  restore  most  of  what  the  Appropriations  Committee  had  cut  from 
military  R&D.  The  Committee  had  pared  the  R&D  budget  by  $112 
million,  leaving  to  the  military  services  considerable  discretion  as  to 
how  to  allocate  the  cuts.  Senator  Mclntyre  said  that  "to  reduce  the 
budget  request  by  a  lump  sum  amount  is  unwise.  It  may  be  interpreted 
as  sidestepping  to  a  degree  the  need  to  examine  the  details  of  the  major 
programs  so  that  specific  reductions  can  be  made  where  and  when  sup- 
ported by  the  facts.  It  ntay  also  be  interpreted  as  relinquishing  to  the 
Department  of  Defense  the  responsibility  for  deciding  how  to  spread 
the  reduction."  r,; 

Senator  Mclntyre  explained  that  his  own  R&D  Subcommittee  had 
once  undertaken  to  make  percentage  cuts  that  were  "entirely  judg- 
mental and  arbitrary."  When  the  full  Armed  Services  Committee  asked 
the  Subcommittee  why  a  given  percentage  was  selected,  and  why  it 
could  not  be  twice  that,  or  half  that,  the  Subcommittee  found  itself  in 
an  untenable  position.  Thereafter  the  Subcommittee  attempted  to  cover 
the  major  part  of  the  budget  in  detail.  "As  a  consequence,"  said  Senator 
Mclntyre,  "we  were  able  to  come  up  with  specific  recommendations  by 
individual  programs  right  down  the  line,  and  they  were  sustained  by 
the  full  committee  and  the  Senate  as  a  whole."  58 

A  dialogue  between  Senators  Mclntyre  and  Ellender  illustrates  some 
of  the  friction  between  the  authorizing  and  appropriating  committees. 

65  This  custom  became  a  matter  of  Senate  Rules  as  a  result  of  the  Legislative  Reorganiza- 
tion Act  of  1970  CP.L.  91-510),  see.  132(f),  84  Stat.  1166-67.  This  is  now  Incorporated  ns 
part  of  Senate  Rules  XXV.  paragraph  6(f). 

MP.n.  91-510,  sec.  132(e),  84  Stat.  1166.  Incorporated  as  Paragraph  6(e)  of  Senate 
Rule  XXV. 

BT  1 1 7  Cong.  Rec.  42933  (Nov.  23,  1971). 

"■  Id. 
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Senator  Mclntyre  wanted  to  know  why  the  R&D  reduction  was  not 
$56  million,  or  one-half  of  the  $112  million.  "What  is  the  logic,"  he 
asked,  "that  stands  behind  the  $122  million  ?"  Senator  Ellender  replied 
that  it  was  the  Committee's  intention  to  accomplish  a  $500  million 
reduction,  with  part  of  that  allocated  to  R&D.  The  Mclntyre 
amendment  was  subsequently  adopted  by  a  vote  of  53-33. 59 

In  1974  the  Senate  Appropriations  Committee  cut  the  defense 
R&D  budget  by  $933.2  million,  which  was  10  percent  of  the  $9.3 
billion  requested.  The  Pentagon  provided  Senator  Mclntyre  with  a 
list  of  38  items  representing  high  priority  technology  programs  to  hi 
restored  to  the  bill.  On  the  basis  of  that  list  Senator  Mclntyre  offered 
an  amendment  to  restore  $94.1  million  in  R&D  funds.  After  receiv- 
ing assurance  from  Senators  McClellan  and  Stennis  that  the  items 
would  be  given  serious  consideration  in  conference  committee,  Senator 
Mclntyre  withdrew  his  amendment.60 

The  general  practice  has  been  for  the  Senate  Appropriations  Com- 
mittee to  provide  funds  for  individual  programs  and  projects  only 
after  they  have  been  authorized  by  the  Armed  Services  Committee.  As 
Senator  Stennis  noted  in  1974 :  "The  Armed  Services  Committee  has 
insisted  all  the  way  through  that  matters  should  not  be  appropriated 
for  unless  they  have  been  expressly  authorized.  Not  all  Members  of 
Congress  agree  with  that  position,  but  I  think  it  is  a  sound  one.  .  .  ."  61 

An  exception  to  that  practice  occurred  in  1975  when  the  Appropria- 
tions Committee  provided  $5.6  million  to  conduct  a  flight  test  of  the 
Enforcer  close  support  aircraft.  Armed  Services  had  held  hearings 
on  the  aircraft,  but  only  after  the  Senate  had  completed  action  on  the 
authorization  bill.62  Senator  Goldwater  offered  an  amendment  to  de- 
lete the  $5.6  million  from  the  bill.  Senator  Cannon,  a  cosponsor  of  the 
amendment,  expressed  the  view  that  while  authorization  of  the  En- 
forcer may  not  be  required  in  a  technical  sense  "it  surely  violates  the 
spirit  of  the  authorization  process.  In  fact,  Mr.  President,  if  the  En- 
forcer funding  is  allowed  to  remain  in  the  bill,  it  wTill  set  an  unman- 
ageable precedent  because  everyone  with  enough  political  clout  will 
use  that  precedent  as  justification  to  have  included  in  future  appro- 
priation bills  their  favorite  something-or-other."  In  a  letter  to  their 
colleagues,  Senators.  Cannon  and  Goldwater  maintained  that  the  addi- 
tion of  the  $5.6  million  violated  the  "established  practices  and  pro- 
cedures of  the  authorization  and  appropriations  process."  The  Gold- 
water  amendment  was  accepted  56-32.  Eleven  members  of  the  Armed 
Services  Committee  voted  for  the  amendment,  four  voted  against  it, 
and  one  did  not  vote.63 

IV.  Conclusions 

Members  of  the  Senate  Armed  Services  Committee  have  spoken 
openly  of  their  need  for  additional  assistance.  During  hearings  in  1969 
Senator  Barry  Goldwater  stated  that  the  Committee  lacked  time  to 
scrutinize  Pentagon  requests:  "We  need  help  on  it."64  Staff  members 

e»  Id.  at  42935. 

60  120  Con^.  Rec.  S15521-S15526  (daily  ed.  August  21,  1974). 

61 120  Cong.  Rec.  S9486  (daily  ed.  June  3.  1974). 

62  S.  Rept.  94-446,  at  259.  Enforcer  Aircrajt,  hearing  before  the  Senate  Committee  on 
Armed  Services,  94th  Cone:.,  1st  Sess.  (1975). 

*»  121  Cong.  Rec.  S19900-20003  (daily  ed.  Nov.  13.  1975). 

™  The  Militant  Budget  and  National  Economic  Priorities  (Part  2),  hearings  before  the 
Joint  Economic  Committee,  91st  Cong.,  1st  Sess.,  471  (1969). 
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who  presently  assist  the  R&D  Subcommittee  speak  candidly  of  the 
frustration  they  feel  in  trying  to  discover  an  adequate  handle  to 
analyze  budget  requests. 

Frequently  it  is  proposed  that  Congress  acquire  additional  staff 
capability.  (  KI ),  for  example,  recommends  that  ( 'ongress  establish  an 
to  assist  in  the1  review  of  the  defense  budget  and  weapons  pro- 
grams.63 Such  proposals  are  received  skeptically  by  the  congressional 
stall'  presently  responsible  for  defense  authorizations.  Recent  years 
have  brought  a  dramatic  increase  in  legislative  staff,  including  the 
greatly  augmented  responsibilities  of  the  General  Accounting  Office 
and  the  Congressional  Research  Service,  the  new  Oilice  of  Technology 
3sment,  and  the  resources  available  from  the  newly  created  Budget 
Committees  and  the  Congressional  Budget  Oilice.  The  feeling  runs 
deep  that  Congress,  at  least  for  the  time  being,  has  reached  a  saturation 
point. 

Assistance  at  this  point  must  come  in  a  form  that  eases  the  burden 
and  simplifies  the  task.  Whether  studies  are  conducted  by  existing 
stalls,  a  new  permanent  office,  or  a  temporary  commission,  there  must 
be  appreciation  and  sensitivity  for  the  intense  schedule  that  already 
3es  upon  congressional  committees.  While  the  number  of  reports 
and  analyses  may  climb  without  limit,  the  day  remains  fixed  at  24 
hours. 

Prog  ram- Manager  Role 

The  annual  authorization  procedure,  by  immersing  the  Armed 
Services  Committees  in  a  welter  of  detail,  stands  the  risk  of  obscuring 
some  of  the  larger  policy  questions  that  Congress  is  called  upon  to 
resolve.  A  step  in  simplifying  the  annual  review  was  taken  by  the 
Pentagon  in  its  fiscal  1970  budget,  which  organized  R&D  programs 
into  two  groups,  each  having  separate  objectives:  (1)  Group  One 
represents  the  creation  and  demonstration  of  options  which  may  be 
useful  for  future  military  capabilities;  (2)  Group  Two  consists  of 
full-scale  system  development  for  potential  deployment.  Group  One, 
composed  of  thousands  of  individual  projects,  amounted  to  a  fiscal 
1976  investment  of  roughly  $4  billion.  Group  Two,  with  only  a  few' 
hundred  programs,  totaled  about  $6  billion.  The  Pentagon  considers 
the  advancement  of  a  program  from  Group  One  to  Group  Two  as  a 
crucial  commitment. 

The  Pentagon  invited  the  Subcommittee  to  examine  the  programs 
from  this  two-tier  perspective,  reviewing  Group  One  programs  in  a 
broad  sense  rather  than  element-'by-element.  Detailed  consideration 
by  the  Subcommittee  was  to  be  given  onlv  to  prosrrams  in  Group 
Two  (2642-2643,  2050-2002).  When  a  staff  member  of  the  R&D 
Subcommittee  questioned  the  policy  of  excluding  Congress  from  a 
close  inspection  of  Group  One  programs,  Dr.  Curiae  said  that  his 
statement  might  be  subject  to  misinterpretation  and  "could  have  been 
stated  better."  A  number  of  programs  were  not  "cleanly  in  one 
category  or  the  other"  (2810). 

The  R&D  Subcommittee  is  often  preoccupied  by  program-manager 
details  that  should  have  been  resolved  earlier  at  the  departmental  and 
agency  level.  How  can  such  details  and  decisions  be  pushed  back  to 

iramlttee  for  "FVnnomlo  Development,   Congressional  Decision   Making  for  National 

.'.'v.  September  1074,  at  24. 
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program  managers  to  allow  the  Subcommittee  to  focus  more  on  broad 
policy  and  strategic  considerations  ?  What  might  be  done  to  create 
a  system  of  incentives  to  encourage  more  realistic  agency  estimates 
and  to  instill  a  deeper  sense  of  accountability  and  responsibility  in 
program  managers  £ 

Errors — even  of  substantial  magnitudes — are  likely  to  occur  in  any 
budget  estimates.  If  it  was  merely  a  matter  of  technical  predictions, 
errors  should  fall  in  some  random  pattern :  some  high,  some  low.  But 
both  the  competing  contractors  and  the  military  services  are  motivated 
to  put  forth  low  cost  estimates  in  order  to  win  approval  from  Con- 
gress. A  track  record  for  an  agency  could  indicate  the  extent  to  which 
Congress  was  being  misled  from  year  to  year. 

For  example,  the  General  Accounting  Office  prepared  a  five-year  * 
record  of  certain  estimates  of  the  Agency  for  International  Develop-' 
ment.  Each  year,  when  A.I.D.  came  before  the  Congress  to  request 
new  funds,  the  Appropriations  Committees  would  ask  how  much 
the  agency  expected  to  receive  in  the  form  of  "recoveries"  (funds  that 
are  tied  up  or  committed  but  later  made  available  for  agency  use). 
GAO  found  that  over  a  five-year  period  actual  recoveries  came  to 
$435.3  million  rather  than  the  agency  estimate  of  $235.5  million.  A.I.D. 
therefore  had  access  to  $181.2  million  more  than  Congress  had 
anticipated.66  Once  a  picture  like  that  develops,  Congress  is  in  a 
position  to  appropriate  less  new  money  and  let  the  agency  depend 
to  a  greater  extent  on  recoveries. 

Is  it  feasible  or  worthwhile  to  apply  some  type  of  five-year  record  to 
R&D  agencies?  On  the  basis  of  a  track  record  the  Subcommittee  could 
correct  for  biases  that  appear  in  agency  budget  presentations.  After 
recomputing  to  establish  the  more  likely  characteristics  of  the  pro- 
gram, the  committee  may  conclude  that  it  be  scrubbed,  curtailed,  or 
approved  with  full  awareness  of  probable  costs.  Subcommittees  operate 
on  that  basis  today,  but  the  record  is  often  in  the  minds  of  Members 
of  Congress  and  staff  assistants.  Preparation  of  a  more  regular  and 
explicit  record  would  give  authorization  and  appropriation  commit- 
tees, as  well  as  individual  Members  of  Congress,  a  more  complete  data 
base  to  judge  the  merits  and  dimensions  of  a  program  request. 

This  record  would  not  duplicate  Selected  Acquisition  Reporting 
(SAR),  which  consists  of  quarterly  reports  from  the  Pentagon  on 
major  programs  under  full-scale  development.  Nor  would  it  duplicate 
GAO's  monitoring  of  cost  increases  for  major  weapons  systems;  GAO 
bases  its  product  on  the  SARs.67  SARs  are  insufficient  in  number 
(about  50)  to  penetrate  sufficiently  deep  into  the  defense  structure  to 
spotlight  agency  performance.  They  track  programs  too  late  in  their 
development  (basically  Group  Two  programs),  and  in  some  cases  fail 
to  include  programs  that  have  estimated  costs  in  excess  of  a  billion 
dollars.68  Furthermore,  termination  of  SAR  reporting  usually  takes 
place  when  production  is  90  percent  complete.  In  contrast,  a  5-year 

™  Foreign  Assistance  and  Related  Programs  Appropriations  (Part  2).  hearings  before 
th°  Spnate  Committee  on  Appropriations.  93d  Cong..  1st  Sess.,  1524  (1973). 

«  Spp  Oenoral  Accounting  Office.  "Status  of  Selected  Major  Weapon  Systems.  Dopartnion- 
of  Dpfpnsp."  B-1630.r)8  (Mav  31.  1974). 

w  General  Accounting  Office.  "How  To  Improve  the  Selected  Acquisition  Reporting  Srs- 
toin."  Department  of  Defense.  PSAD-75-63  (.March  27.  1975).  at  8.  GAO  statp*  that 
LAMPS  (Ll?ht  Airborne  Multipurpose  System)  was  approvpd  bv  the  Navy  in  September 
1973.  As  of  June  30.  1974,  LAMPS  was  not  on  SAR  even  thoutrh  the  estimated  program 
cost  was  $1,572.8  million. 

70-S01— 76 4 
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■    rod  would  want  to  retain  such  programs  in  order  to  evaluate 
rmance.  A  different  vehicle  Ls  needed  to  influence  agency 
pior  and  alter  the  decision-making  process.  Congress  would  have 
s     boundaries.  With  thousands  of  research  projects  there 
I  have  to  be  some  threshold  to  determine  what  part  of  an  agency's 
at  ion  merits  review. 
Depending  on  the  response  by  Congress  to  an  agency's  track  record, 
-  might  become  more  realistic  and  reliable  in  order  to 
the  confidence  of  review  committees.  It  is  felt  that  program  man- 
3,  by  having  to  prepare  SARs.  are  made  more  sensitive  to  cost 
bh.  That  should  affect  the  relationship  between  agencies  and  con- 
•  >rs.  for  both  would  stand  to  win  or  lose  on  the  basis  of  the  integ- 
rity and  credibility  of  budget  estimates.  A  track  record  could  thus 
have  a  self-policing  quality.  It  might  also  be  a  vehicle  for  additional 
analysis,  for  the  disparity  between  the  performance  of  different  orga- 
ial  units,  or  between  military  services,  would  prompt  investi- 
>n  as  to  why  some  units  fare  better  than  others. 
A  number  of  difficulties,  of  one  form  or  another,  can  be  anticipated. 
Agency  heads,  particularly  when  turnover  is  high,  may  attribute  an 
unattractive  record  to  the  shortcomings  of  their  predecessors.  The 
committees  will  probably  be  told  that  new  agency  regulations,  recently 
promulgated,  can  be  expected  to  prevent  a  repetition  of  such  problems 
in  the  future.  Yet  Congress  can  insist  that  the  evidence  most  persua- 
sive is  not  promise  but  the  proven  record. 

Fall  Hearings 

The  R&D  Subcommittee  will  always  be  involved  in  some  details  of 
program  management.  The  Chairman  has  to  defend  the  authorization 
bill  when  it  reaches  the  floor.  He  must  anticipate  questions  and  cri- 
tiques of  the  various  programs.  It  is  essential  that  he  demonstrate  to 
olleagues  that  he  has  done  his  homework,  for  otherwise  he  is 
vulnerable  to  selective  cuts  or  across-the-board  reductions.  Moreover, 
publicity  in  the  press  concerning  cost  overruns  or  poor  performance 
will  push  the  Subcommittee  into  program-manager  issues.  The  tight 
schedule  of  the  newr  congressional  budget  process  also  puts  a  premium 
on  time,  making  it  difficult  for  the  Subcommittee  to  reach  beyond  in- 
dividual programs  to  explore  fundamental  questions  of  need  and  pur- 
pose. 

To  supplement  the  spring  hearings  on  the  annual  authorization  bill, 
the  Subcommittee  could  schedule  fall  hearings  on  a  regular  basis  to 
examine  broad  issues.  The  Senate  Armed  Services  Committee  did  that 
in  1071  when  it  held  hearings  on  "Weapon  Systems  Acquisition 
Process. '' 

Fall  hearings  could  concentrate  on  fundamental  questions:  How  do 
R&D  programs  relate  to  defense  strategy  and  foreign  policy  objec- 
tives? Is  there  enough  information  to  conclude  that  Soviet  R&D  ex- 
penditures are  at  a  level  equal  or  greater  than  ours?  If  we  know  what 
the  Soviets  are  spending,  how  much  of  that  effort  is  ineffective  because 
of  managerial  inefficiencies?  How  much  of  it  is  directed  not  against 
the  Ignited  States  but  against  the  People's  Republic  of  China?  What 
part  is  defensive  in  nature  and  not  a  threat  to  the  United  States?  Are 
bargaining  chips  effective?  Will  heavy  expenditures  for  R&D  en- 
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courage  arms  control  limitations  with  the  Soviets  or  trigger  an  arms 
race?  What  portion  of  ''inflation  costs''  are  controllable  by  better  man- 
agement practices?  What  factors  keep  alive  research  projects  that 
should  have  been  terminated  at  an  earlier  stage?  How  often  are  con- 
tracts modified  not  for  essential  performance  needs  but  to  relieve  con- 
tractors of  financial  difficulties? 

While  fall  hearings  could  be  useful  for  exploring  issues  that  were 
left  hanging  and  unresolved  from  the  spring,  other  events  are  likely 
to  compete  for  the  time  of  Senators.  During  the  fall  of  1975,  for  ex- 
ample, the  financial  crisis  of  New  York  City  commanded  the  atten- 
tion of  Senator  Mclntyre,  a  ranking  member  of  the  Banking,  Housing 
and  Urban  Affairs  Committee.  And  since  fall  hearings  are  not  re- 
quired— like  the  spring  hearings  on  the  annual  authorization  bill — 
it  will  be  difficult  to  establish  a  high  priority  for  them  unless  com- 
mittee members  are  convinced  that  they  serve  a  pressing  and  urgent 
need. 
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1.  Introduction 

This  paper  is  an  attempt  to  address  a  significant  and  perennial  Issue 
in  the  field  of  science  and  technology  policy — whether  we  are  getting 
our  money's  worth  from  the  research  and  development  (R.  &  D.)  pro- 
grams conducted  by  U.S.  Federal  civilian  agencies.  This  is,  of  course, 
a  complex  issue  which  defies  direct,  simple  measurement  and  evalua- 
tion. It  is,  however,  one  on  which  many  opinions  are  expressed  con- 
tinually. My  viewpoint  is  that  of  an  active  participant  in  research  and 
consulting  and  direct  involvement  in  the  R.  &  D./Innovation  (R.  &  D./ 
I )  process  for  many  years.  My  special  interest  in  this  field  is  described 
briefly  in  the  note  of  section  6.1 


*Vr<  fessor  and   Principal   Investigator,   Program   of  Research   on    the   Management   of 
h    and    Development,    Department    of    Industrial    Engineering    and    Management 

-1  :<*  Technological  Institute,  Northwestern  University,  Evanston,  111. 
section  0,  p.  50, 
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The  mode  of  exposition  in  this  paper  includes :  Statements  of  some 
of  the  key  issues  related  to  the  sub-areas  of  the  topic  identified  by  the 
Library  of  Congress  staff ;  observations  on  what  we  know  or  strongly 
believe  about  these  sub-issues;  and  suggestions  for  further  analysis 
that  is  needed  for  effective  policy-making  and  legislative  action. 

2.  Measuring  the  Effectiveness  of  Federal  Civilian-Oriented 
R.  &  D.  Programs 

Since  the  measurement  and  evaluation  process  is  so  complex  and  is 
likely  to  be  expensive,  we  should  be  sure  of  our  reasons  for  attempting 
it.  Even  in  the  private  sector,  where  cost/benefit  thinking  dominates 
most  decisionmaking,  there  are  mixed  motives  for  attempting  to  meas- 
ure the  output  of  R.  &  D.  Some  managers  sincerely  want  to  improve 
the  R.  &  D.  process  by  adjusting  its  organizational  characteristics,  the 
resources  provided  to  it,  the  tasks  assigned,  the  people  provided,  the 
mechanisms  for  selecting  and  evaluating  particular  projects  and  pro- 
grams, and  the  procedures  for  getting  products  and  processes  out  the 
lab  door  and  into  the  market  and  the  factory  quickly  and  economically. 
Others  are  primarily  curious  and  only  want  a  superficial  evaluation. 
Still  others  have  an  axe  to  grind,  such  as  showing  that  R.  &  D.  is  not 
doing  its  job  and  that  their  activity  (e.g.,  marketing  or  production)  is 
:'.d  to  blame  for  unsatisfactory  sales  volume,  market  share,  new  prod- 
ucts, profits,  or  growth.  Motivations  such  as  the  latter  are  not  par- 
ticularly useful  for  policy  making  and  improving  the  overall  R.  &  D./I 
process,  because  of  the  atmosphere  under  which  they  often  exist. 
They  can  lead  to  defensiveness  and  obf uscation  of  the  real  weaknesses 
in  the  process,  which  may  include :  poor  coordination  between  func- 
tional areas  such  as  R.  &  D.,  marketing,  and  production ;  poor  policy 
guidance  by  top  management ;  lack  of  clear  cut  goals  for  R.  &  D. ;  or 
inadequate  resources  to  do  the  job. 

There  are  many  parallels  in  federal  civilian-oriented  R.  &  D.  to  the 
situations  described  above  for  industry.  The  are  further  complicated 
hy  the  political  and  administrative  processes  of  government,  the  time 
lags  in  developing  and  implementing  federal  programs,  the  d illusion 
of  responsibility  and  ability  to  take  decisions  and  initiate  action,  the 
unclear  and  overlapping  missions  of  potentially  competing  agencies, 
and  other  factors  particular  to  the  public  sector.  If  there  is  a  clear  need 
and  will  to  perform  evaluations  of  the  output  of  FC/R.  &  D.  for  pur- 
poses of  legislation,  policy  formation,  resources  allocation,  monitoring 
the  R.  &  D./Innovation  process,  goal  adjustment,  operating  procedures, 
or  organizational  arrangements,  then  I  can  say  with  confidence  that 
some  better  methods  of  measurement  and  evaluation  arc  available  and 
developable  than  have  traditionally  been  used. 

^  At  the  outset  of  the  attempts  to  measure,  it  is  important  to  dis- 
tinguish between  two  types  of  output  from  federal  R.  &  D.  programs, 
whether  they  are  intended  to  be  ''civilian  oriented"  or  not.  The  first 
relates  to  the  prime  mission  of  the  agency  or  the  particular  R.  &  D. 
program  within  an  agency — the  ''direct  mission-oriented"  outputs — 
and  the  other  relates  to  ''indirect,  or  spinoff"  outputs.  The  prime 
missions  of  agencies  dealing  with  such  fields  as:  Education,  law  en- 
forcement, atomic  energy,  transportation,  health,  and  commerce  are 
generally  directed  at  particular  sectors  of  the  economy  or  society  and 
their  major  outputs  or  impacts  are  sought  in  those  particular  areas. 
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ral  R.  &  D.  efforts  are  more  diffuse  (e.g.  space,  energy  in 
ral,  Nfal  •   i  '       Foundation)  and  it  is  not  clear  exactly  in 

to  look  for  direct  benefits, 
gure  1  -  suggests  the  general  problem  encountered  in  attempting 
to  directly  measure  the  effectiveness  of  R.  &  I),  in  any  sector,  but  par- 
ticularly in  the  civilian  se<  tor  of  federally  supported  R.  &  D. 

framework  of  figure  1  contains  five  major  "si aires"  in  the  rela- 
tionship between  inputs  to  R.  &  I),  and  ultimate  measures  of  - 
-•  benefits.  This  highly  simplified  flow  model  consid 
number  of  levels  of  output : 

Immediate  outputs  (box2)  are  direct  outputs  of  the  R.  &  D.  | 
v  are  claimed  by  R.  &  1).  practitioners  as  being  the  direct 
R  &  I),  activity.  These  out  purs  appear  close,  in  time,  to  the  perform- 
ance or  completion  of  an  TL  &  I),  activity  (e.g.,  a  report,  publication 
draft  or  patent  application). 

Intermediate  outputs  (box  3)  are  those  immediate  outputs  incor- 
porated as  inputs  to  a  social  sub-system  (e.g.,  new  drugs  or  new  diag- 
nostic techniques  accepted  for  potential  usage  by  the  Health  Care 
subsystem). 

Pre-Ultimate  outputs  (box  4)  are  the  recognized  outputs  of  a  social 
sub-system  which,  at  least  partially,  may  be  attributed  to  the  previous 
absorption  of  the  intermediate  outputs  (e.g..  cure  of  certain  dis 
in  patients  processed  through  the  Health  Care  sub-system  and  at- 
tributed to  the  use  of  the  new  drugs  or  diagnostic  techniques). 

Ultimate  outputs  (box  5)  are  those  pre-ultimate  outputs  which  are 
inputs  to,  or  elements  of,  the  quality  of  life  (QOL) — as  contributed 
to  or  enhanced  by  the  specific  sub-system. 

The  linkage  marked  (b)  concerns  the  input  or  utilization  of  the 
immediate  outputs  of  I\.  &  P.  (e.g.  innovations,  patents,  ideas)  to  rel- 
evant social  activities  (e.g..  health  care,  law  enforcement). 

For  example,  consider  a  sub-system  of  Criminal  Justice:  Law  En- 
forcement (LE).  Some  immediate  outputs  of  R.  &  D.,  e.g.  innovations 
in  the  area  of  communications,  may  be  utilized  by  the  components  of 
the  LE  subsystem,  in -its  regular  operation^.  We  must,  however,  dis- 
tinguish between  innovations  developed  specifically  for  the  LE  sub- 
system  and  all  innovations  in  the  field  of  communications.  In  other 
words,  due  to  the  lag  times  in  the  technology  transfer  process,  innova- 
tions in  communications  may  have  been  produced  in  time  a?,  whereas 
the  LE  subsystem  incorporates  or  adopts  the  innovations  in  time  x+y. 
Any  causal  association  would  require  the  consideration  of  the  lagged 
reactions  of  the  subsystem  to  the  innovation. 

The  analysis  of  each  subsystem  in  the  R.  &  D.  stage  may  uncover 
additional  intermediate  stages,  and  subsequently,  additional  measure  s. 

The  association  between  intermediate  and  pre-ultimate  R.  &  D.  out- 
puts refers  to  the  input  to  the  social  subsystem  and  the  output  of  the 
same  subsystem.  Again,  considering  the  LE  subsystem,  the  output  of 
the  subsystem  may  be  measured  by  such  indicators  as  the  number  of 
crime-  delected  or  solved,  or  other  indicators  of  the  performance  of 
the  subsystem. 

A  major  problem  in  the  process  is  the  definition  of  the  output  of  the 
social  subsystem.  LE  output  measures  are  subject  to  political  considera- 

-From  Progress  Report  No.  1  to  Science  Indicators  Unit.  National  Science  Foundation, 
Fxploration  of  Output  Indicators  from  R.  &  D.  by  A.  H.  Rubenstein  and  E.  Geisler,  June 
197G. 
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tions  and  may  undergo  a  process  of  distortion,  primarily  due  to  I 
role  in  the  evaluation  of  the  subsystem  and  members  thereof.  A 
gestion  which  we  may  adopt  from  the  "social  indicators"  movement 
is  the  use  of  multiple  indicators  to  measure  the  output  of  the  subs^ 
particularly  if  the  measures  vary  in  different  parts  of  the  country 
(the  latter  is  true  in  the  LE  area) . 

The  last  stage  in  the  chain  refers  to  the  relationship  between  the  out- 
put of  particular  social  subsystems  and  ultimate  measures  of  quality 
of  life  and  social  and  economic  welfare.  Due  to  the  current  state  of 
knowledge  (or  lack  thereof),  there  are  several  "missing  data  links" 
in  prior  stages.  Therefore,  attempts  to  relate  the  immediate  outputs  of 
R.  &  D.  directly  to  the  ultimate  measures  of  QOL  are  quite  teni 
There  have  been  numerous  attempts  to  measure  the  quality  of  life, 
mainly  in  terms  of  a  set  of  indicators  or  indexes.  However,  relating 
such  indicators  of  ultimate  social  outputs  directly  to  immediate  R.  &  1  >. 
outputs  is  certainly  an  oversimplification  of  the  process  at  the  present 
state  of  the  art,  since  there  is  little  empirical  data  to  support  the  con- 
nection as  }'et.  It  is  evident  that  the  tracing  of  the  impact  of  R.  &  D. 
becomes  more  difficult  as  it  approaches  QOL.  Each  stage  contains  its 
own  data  and  inference  problems  and  many  intervening  processes 
which  are  complex  and  defy  precise  analysis. 

For  some  agencies,  identification  of  the  "social  subsystems"  indicated 
in  figure  1  is  fairly  straightforward.  For  others  it  is  not.  The  complica- 
tion arises  from  a  number  of  sources : 

Use  of  a  particular  process,  product,  material,  idea,  or  bit  of 
information  from  a  given  agency  is  often  made  in  an  entirely 
different  area  than  that  intended  or  envisioned  by  the  innovators. 
The  time  lags  are  very  long  in  commercialization  and  applica- 
tion of  many  R.  &  D.  outputs  and  specific  outputs  become  hard  to 
trace. 

The  paths  followed  by  particular  innovations  or  R,  &  D.  outputs 
is  far  from  smooth  or  straightforward ;  modification,  combination, 
and  substitution  are  common  along  the  path  of  the  R.  &  D.  Inno- 
vation process. 

Tracing  and  score-keeping  are  complicated  by  secrecy,  difficulty 
in  identification  and  measurement,  and  lack  of  a  mandate  on  the 
part  of  most  agencies  to  spend  much  effort  and  resources  on  such 
tracing;  for  some  of  those  agencies  that  have  tried,  such  tracing 
is  often  concentrated  on  the  large,  visible  outputs  that  have  some 
glamour  associated  with  them,  rather  than  the  full  mainstream 
of  results  of  their  entire  program's  efforts  (including  possible 
negative  ones). 

The  assignment  of  "credit"  for  invention,  innovation,  or  orig- 
ination of  an  item  that  is  considered  worth  reporting  is  often 
a  matter  of  some  controversy ;  for  successful  outcomes,  there  is 
no  lack  of  claimants  to  major  or  decisive  contributions  to  their 
success. 

The  general  lack  of  enthusiasm  and  techniques  for  assessing 
negative  outcomes  of  R.  &  D.  programs,  i.e.  costs  to  various 
subsectors  as  a  consequence  of  introduction  of  new  produ 
processes,  materials,  or  systems  or  lack  of  such  introduction. 

Lack  of  an  agreed-upon  method  of  computing  costs  and  benefits 
to  various  subsectors  and  society  as  a  whole. 
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Figures  2-."> '  present  some  illustrative  indicators  related  to  the 

i  arious  stages  of  the  R.  &  1).  I  process  for  several  areas  of  FC/R  &D. 

energy,  transportation,  health  care,  industrial  products  and  proc- 

.  Despite  the  above  difficulties,  many  attempts  have  been  and  are 
being  made  to  do  such  measurement.  We  feel  strongly  that  useful 
results  can  he  achieved  by  improved  methods  of  identification,  measure- 

•  and  analysis  of  the  results  of  Federal  civilian-oriented  R.  &  D. 
(  FC  K.  &  D.).  However,  in  order  to  accomplish  this,  serious  efforts 
will  have  to  he  made  by  both  the  originating  agencies  and  other  orga- 
nizations to  monitor  and  trace  the  flow  of  innovations  from  R.  &  D.  to 
oiher  "downstream"  phases  of  the  overall  R.  &  D. /Innovation  process. 
That  is.  if  there  is  a  sincere  interest  on  the  part  of  the  Federal  execu- 
tive or  legislative  branches  to  determine  the  benefits  from  R.  &  D.  on 
a  continuing  basis  for  the  purposes  of  improvement  in  the  process, 
legislation,  and  policy-formation,  then  resources  must  be  provided 
for  the  measurement  and  analysis  required.  I  say  this  with  mixed 
feelings,  because  many  of  the  new  "evaluation"  efforts  in  Federal  pro- 
grams are  running  wild  and  need,  in  turn,  to  be  evaluated  for  cost 
benefits  to  the  society  and  to  the  programs  which  they  are  supposed 
to  be  evaluating.  Much  of  the  effort  being  devoted  to  such  "evaluation" 
is  currently  distracting  from  the  prime  mission  of  the  agencies  or 
programs  being  evaluated.  I  think  some  of  this  will  sort  itself  out  as 
evaluation  methods  are  improved,  as  specalists  are  trained  to  do  both 
the  conceptual  and  mechanical  aspects  of  evaluation,  and  as  agency 
and  program  managers  begin  to  view  evaluation  as  an  integral  part 
of  performing  their  mission,  rather  than  an  intrusion  on  their  preroga- 
tives and  normal  operations.  The  entire  U.S.  R.  &  D.  establishment 
has  been  relatively  free  of  pressure  for  output  measurement  and 
evaluation  until  recently,  and  it  will  take  some  time  for  the  people  in 
tlie  R.  &  D./I  process  to  get  used  to  the  idea  that  their  output  must 
and  can  be  evaluated  on  a  continuing  basis  and  to  tool  up  to  contrib- 
ute to  it,  so  that  it  is  not  "done  to  them"  entirely  by  outsiders.  The 
idea  of  evaluating  returns  from  R.  &  D.  is  not  foreign  to  industrial 
R.  &  I).,  where  efforts  diave  been  made  to  do  so  for  decades,  at  the 
individual  company  level.  The  fact  that  few  of  these  efforts  have  been 
fully  successful  or  convincing  to  top  management  or  have  become 
standard  and  widespread  is  less  a  reflection  of  the  motivation  of  R.  &  D. 
people  than  the  lack  of  capability  and  techniques  to  do  the  job  and 

"fa  consensus  among  their  non-R.  &  D.  colleagues  on  how  "credit" 
and  blame  should  be  apportioned. 

Measurement  of  e fleet iven ess  of  R.  &  D.,  then,  is  not  merely  a  matter 
of  technique,  even  in  the  private  sector  which  is  very  conscious  of 

benefit  type  of  thinking.  It  involves  agreement  on  both  the  need 
for  such  evaluation  and  the  methods  of  approach  which  will  be  both 
accurate  and  fair  to  the  parties  concerned.  And  it  needs  adequate  time 
and  resources  for  the  measurement  process  itself. 


3  From  the  series  of  reports  to  NSF  on  "Exploration  of  Science  Indicators"  by  A.  H. 
Rubensteln  and  Ellezer  Gelsler,  op.  cit. 
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3    Extent  of  Application  or  Utilization  of  Results  of 
FC/R.  &D.  Programs 

Some  results  are  easy  to  identify.  One  can,  for  example,  see  nuclear 
powerplants  and  communication  satellites  (or  at  least  know  that  they 
are  up  there).  New  transportation  equipment  and  systems,  law  en- 
forcement equipment,  educational  materials  (e.g.  computer-related), 
and  other  "things,"  especially  big  and  expensive  ones  are  easy  I 
and,  perhaps,  evaluate  in  a  superficial  way.  Most  results  of  FC/R.  &  D. 
are  not  very  big,  visible,  or  easy  to  evaluate.  Much  of  the  output  of 
FC/R.  &  D.  programs,  whether  directly  from  federal  laboratories 
or  from  the  laboratories  of  their  contractors  and  licensees  are  in  the 
form  of  "in  process''  innovations,  ideas,  information,  conceptual  ap- 
proaches, techniques,  potentially  useful  and  economical  materials  and 
methods  of  fabrication  or  services.  For  this  reason,  we  have  been 
attempting  to  probe  into  an  area  that  we  call  "embedded  technology." 
which  is  not  at  all  obvious  and  visible,  even  to  the  users.  Many  of  the 
findings  and  innovative  outputs  of  FC/R.  &  D.  are  tightly  embedded 
in  products,  processes,  materials,  and  systems  which  are  in  wide  and 
increasing  use  throughout  society.  Some  categories  are : 

Metal  forming  techniques. 

Coatings,  including  paints. 

Design  of  equipment  (e.g.  the  spinoff  of  numerically  controlled 
machine  tool  techniques  from  Air  Force  contracts  in  the  1950's). 

Computer  programs,  technology,  designs,  and  software. 

Xew  and  improved  materials  and  methods  of  making  them. 

Xew  and  unproved  components. 

Management  and  operations  methods  for  a  wide  spectrum  of 
systems. 
The  difficulty  with  this  embedded  technology,  as  with  some  of  the 
direct  technology  discussed  above,  is  that  it  is  not  clearly  discernible  as 
a  direct,  integral  unit  contribution  from  a  particular  Federal  program 
or  agency.  New  hardening  tehniques  for  materials,  for  example,  are 
currently  incorporated  in  thousands  of  products  and  the  user  and  even 
the  makers  of  these  products  do  not  know  of  or  are  not  interested  in  the 
contribution  made  to  developing,  testing,  and  improving  these  tech- 
niques by  Federal  programs.  Any  measurement  system  established 
for  such  "nonobvious"  R.  &  D.  outputs  would  have  to  be  arbitrary  and 
would  have  to  probe  deeply  in  a  wide  area  of  the  public  and  private 
sectors.  This  does  not  mean  that  such  an  effort  is  not  feasible  or  de- 
sirable. But  it  does  mean  that,  if  a  serious  effort  is  made  to  measure  the 
results  of  R.  &  D.  on  a  continuing  basis,  this  important  part  of  the 
output  must  be  included  and  resources  provided  for  the  difficult  job  of 
detection  and  measurement. 

When  we  think  about  the  adoption,  application,  or  utilization  of  re- 
sults from  the  R.  &  D./I  process,  we  are  sometimes  tempted  to  think  of 
them  as  single  acts  or  single  decisions,  made  at  a  point  in  time  in  a 
monolithic  form.  This  is  far  from  the  real  situation.  One  of  the  reasons 
for  the  low  level  of  application  of  the  results  of  R.  &  D.  is  that  a  great 
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.  considerations,  decisions^  and  actions  are  involved  in  the  typical 

dalization  or  other  utilization  of  even  a  single  innovation— 
B  now  product  or  process,  other  than  minor  improvements. 
In  a  recent  study  of  the  use  of  the  Federal  procurement  process  as  a 
source  of  influence  on  technological  innovation,4  we  identified  a  large 
number  of  actions  and  decisions,  each  influenced  by  a  number  of  eco- 
nomic and  other  considerations,  which  were  potentially  part  of  the 
utilization  or  application  stage.  They  are  (not  in  order  of  importance 
[uence)  : 
i  I  cision  to  bid  on  a  development  contract. 
Decision  on  whether  to  set  up  a  special  organization— e.g.  a 

project  group. 
Whom  to  assign. 
How  much  resources  to  allocate. 
Key  man  assignment  or  less  capable  person. 
Full  entrepeneurial  responsibility  to  project  leader  or  less. 
One  shot  versus  follow-on. 
Go  into  it  on  a  full  scale  or  not. 

Make  or  buy  components,  materials,  services,  facilities,  prod- 
ucts, equipment. 
Xew  facilities  or  equipment. 

Merger  or  acquisition  to  obtain  technical,  production,  or  mar- 
keting capability. 
Tooling — new,  extent,  quality. 

Market  research — degree  of  effort  and  commitment. 
Set  up  new  distribution  system  or  change  existing  one. 
Reps,  direct  selling,  other  forms  of  distribution  set  up  on  a 

project  basis. 
Initiate  or  accelerate  R.  &  D. 
Hire  specialists. 
Bid  high  or  low — buy  into  it  for  sake  of  follow-on  or  building 

credibility  or  reputation  in  the  field. 
Decision  to  innovate  beyond  the  specific  order. 
Critical  path  behaviors  or  events :  tooling,  letting  subcontracts. 
Entry  into  a  new  field  or  just  moving  slightly  to  one  side. 
Set  up  separate  government  product  division  or  group. 
Optimize  profit  on  a  particular  order. 
Separate/integrated  organizational  form. 

Project/functional  setup  of  R.  &  D.  and  related  innovation 
activities. 

Assignment  of  personnel. 

Level  in  the  organization  (how  important  is  the  project). 
Investment   level  and  allocation  to  different  phases  of  the 
R.  &  D./I  process. 

Source  of  funds — cash  flow,  reserves,  go  to  bank,  long  term 
debt. 

Search  or  devoting  selective  attention  to  opportunities. 
1  *ursuit  of  an  KFP  or  solicitation  a  bit  afield  from  regular  lines 
of  business. 

Investment  of  time,  manpower,  money,  executive  attention  in 
irch/bid  activities. 

*  From  Albert  H.  Rubenstoln  «ind  Michael  Radnor.  "A  Model  of  the  Responses  of  Indus- 
trial Firms  to  Federal  Procurement  Incentives:  A  Report  to  the  Experimental  Technology 
Incentives  Program    (ETIP)   of  the  National  Bureau  of   Standards,  U.S.  Department  of 
merce,"  Northwestern  University,  June  1975. 
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Finn's  awareness  of  RFP.  Extent  and  level  in  organization. 

Decision  to  set  up  program  in  organization  on  major  footing. 

Decision  to  engage  in  R.  &  D.  beyond  RFP  delivery  needs. 

Decision  to  tool  et  cetera  for  longer  run  production. 

Perceived  opportunities  and  costs  of  specific  procurement  and 
commercial  follow  up. 
In  view  of  this  large  set  of  actions  and  decisions  involved  in  the 
application/utilization  phases  of  the  R.  &  D./Innovation  process,  it  is 
difficult  to  make  a  clear  statement  about  the  extent  to  which  the  results 
of  FC/R.  &  D.  are  actually  applied.  If  we  are  only  concerned  about 
the  final,  ultimate  application  or  utilization,  without  considering  the 
reasons  why  most  (probably  more  than  9  out  of  10)  innovations  fail 
to  be  used  in  the  end,  we  can  say  that  very  few  R.  &  D.  results,  in  any 
sector,  reach  full  application  or  utilization,  other  than  the  large  num- 
ber of  routine  minor  improvements  in  products  and  production  proc- 
esses. Our  estimates  in  the  industry  sector  are  that  fewer  than  one  ma- 
jor new  product  per  year  per  industrial  sector  is  about  the  order  of 
magnitude  of  success  of  industrial  R.  &  D.  (e.g.  a  totally  new  drug, 
fiber,  machine,  or  production  process).  Since  the  objectives  of  many  of 
the  projects  and  programs  in  the  Federal  civilian-oriented  R.  &  D.  pro- 
grams are,  in  a  sense,  revolutionary,  we  cannot  expect  a  much  greater  or 
even  as  great  a  success  rate  as  the  industrial  sector  achieves  for  its  own 
sponsored  R.  &  D.  For  the  main  bulk  of  applications  and  utilizations 
of  FC/R.  &  D.  we  shall  have  to  look  at  the  less  spectacular,  continuous 
improvements  that  I  have  called,  at  the  beginning  of  this  paper,  "em- 
bedded technology*'  and  whose  measurement  is,  at  the  moment,  beyond 
the  state  of  the  art. 

Results  of  recent  studies  5  of  the  application/utilization  of  Federal 
R.  &  D.  results  further  suggest  the  difficulty  of  trying  to  trace  the 
reasons  for  the  large  number  of  failures  to  fully  commercialize  or  im- 
plement the  results  of  Federal  R.  &  D.  Many  of  these  factors  are  well 
beyond  the  control  of  the  Federal  Government  (e.g.  through  direct  or 
even  indirect  incentives  or  removal  of  barriers)  and  many  of  them  are 
beyond  the  control  of  the  industrial  firms  or  local  governmental  units 
who  are  attempting  to  make  the  application/utilization.  Some  of  the 
most  significant  factors  from  three  recent  studies  at  Northwestern  are 
indicated  in  figure  6. 

Despite  the  large  number  of  factors  in  figure  6  which  are  beyond 
the  control  of  the  source  or  user,  there  are  some  which  are  subject  to 
change  by  the  Federal  Government.  Some  of  them  relate  to  the  fre- 
quency and  quality  of  information  and  contact  provided  by  the  sources 
of  the  innovations — the  Federal  laboratories  and  their  contractors. 
More  will  be  said  about  this  in  the  last  section  of  this  paper. 

4.  Some  Specific  Issues  Relevant  to  the  Improved  Effectiveness 
of  Federal  Civiliax-Oriexted  R.  &  D. 

If  the  output  and  effectiveness  of  FC/R.  &  D.  are  to  be  significantly 
improved,  certain  issues  have  to  be  faced  and  resolved  over  the  next 
few  years.  Some  of  these  are  issues  that  have  already  been  considered 
(in  some  cases  repeatedly)  by  a  number  of  Federal  agencies,  academic 

p  research  group  at  Northwestern  has  recently  done  a  number  of  studies  of  the 
application/utilization  of  the  results  of  Federal  R.  &  D. — some  of  them  civilian  spinoffs 
from  military  programs  and  some  of  them  from  civilian  programs — e.g.  NASA  and  other 
agencies. 
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policy  specialists,  congressional  committees,  and  others.  Few  of  them 
been  resolved  in  a  manner  that  gives  clear  guidance  to  improving 
I).  [  process  and  the  output  of  results  to  the  economy  and  the 
are: 

£J,  How  Far  Along  the  Lab  oratory -to-Market  Process  Should  the 
1  Government  Be  Active  in  Attempting  To  Stimulate  the 
R.  d  D.  /  Process 

Current  experimental  incentives  being  tried  or  proposed  in  various 
agencies  focus  on  different  phases  of  the  process — from  improving  the 
K.  £  D.  itself,  to  providing  test  and  validation  facilities  and  funds,  to 
stimulating  the  coordination  of  technology  sources,  manufacturers, 
users  and  capital  sources.  Some  of  these  experimental  incentives  are 
being  used  in  an  exploratory  manner  and  will  require  legislation  or 
revised  regulations  to  make  them  routinely  available,  if  they  prove 
effective  in  the  experimental  phases.  Others  can  be  used  by  specific 
agencies  and  programs  immediately  and  routinely  if  they  prove  to  be 
effective.  For  those  in  the  former  category,  certain  ambiguities  exist 
in  our  national  attitudes.  Some  of  the  incentives  will  involve  actions 
that  appear  to  be  ''give  aways"  of  Federal  property  or  preferential 
treatement  to  particular  manufacturers,  distributors,  or  users  in  order 
to  motivate  them  to  participate.  The  ambiguities  of  our  feelings  and 
policies  in  this  area  can  serve  as  substantial  barriers  to  improving  the 
effectiveness  of  such  incentives.  An  example  is  the  current  uncertainty 
about  the  legality  or  propriety  of  granting  exclusive  licenses  to  gov- 
ernment inventions  (discussed  below  in  more  detail) . 

4.2.  What  Role  Should  the  Federal  Government  Take  in  Financing  the 
Commercialization  and  Application  of  Results  From  the  FG/R.  dc  D. 
Prog  rains? 

This  issue  involves  the  familiar  questions  of  the  Federal  Govern- 
ment's role  in  providing  or  encouraging  the  provision  of  venture  capi- 
tal for  private  exploitation  of  technological  innovations.  Opinions  on 
this  subject  range  from  complete  disassociation  of  the  Federal  Gov- 
ernment from  any  commercialization  aspects  to  heavy  involvement  in 
direct  financing.  Intermediate  roles  involve  tax  concessions,  easing  of 
securities  regulations,  direct  subsidies  for  some  earlier  phases  of  the 
E.  &  D./I  process,  provision  of  information  and  Federal  facilities  at 
low  or  no  cost,  and  many  others.6 

e  Several  recent  studies  by  our  group  and  a  number  of  foreign  collaborators  on  incentives 
and  harriers  in  the  R&D/Innovation  process  conclude  that  the  role  of  current  Federal 
incentives  to  innovation  at  the  level  of  the  firm  and  the  individual  R&D/Tnnovation 
project  is  very  slight.  This  does  not  mean  that  it  is  impossible  to  influence  industrial 
decision-making  on  the  R&D/I  process  through  government  intervention,  but  that  the 
many  incentives  and  regulations  now  in  existence  are  not  very  effective  or  even  visihle 
to  industrial  managers  who  are  constantly  making  decisions  about  the  R&D/I  process.  See, 
for  example:  a)  "Factors  Influencing  Innovation  Success  at  the  Project  Level."  A.  H. 
Rubenstein,  A.  K.  Chakrabarti,  R.  D.  O'Keefe,  W.  E.  Souder  and  H.  C.  Young.  Research 
Management,  Vol.  19,  No.  3.  Mav  1976.  pp.  15-20;  b)  "Management  Perceptions  of 
Government  Incentives  to  Technological  Innovation  in  England.  France.  West  Germany 
and  Japan,"  A.  H.  Rubenstein,  C.  F.  Douds,  H.  Geschka.  T.  Kawase.  J.  P.  Miller.  R. 
Saint-Paul,  and  D.  Watklns,  January,  1!)76;  and  c)  "Innovation  Incentive  Programs  in 
Three  West  European  Nations:  France.  West  Germany  (F.R.G.)  and  The  United  Kingdom 
(U.K.)."  I).  Watkins.  B.  M.  Kohler.  A.  H.  Rubenstein."  and  R.  Saint-Paul.  May  1976;  both 
of  the  lalter  papers  are  in  press  in  Technical  Innovation,  RAD  and  Incentives,  edited  by 
I>onald  E.  Cunningham,  John  Craig,  and  Theodore  W.  Schlie,  Westview  Press,  Boulder, 
Colorado. 
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Underlying  this  issue  are  two  major  questions  which  can  only  be  re- 
solved ultimately  at  the  national  policy  level : 

How  far  into  the  enterpreneurial  and  commercialization  process 
can  and  should  the  Federal  Government  get  involved? 

If  there  is  such  involvement,  should  the  Federal  Government 
(i.e.  the  taxpayers)  get  a  "piece  of  the  action,"  along  with  the  other 
parties  to  the  innovation  process  (e.g.  the  inventors,  the  entre- 
preneurs, the  venture  capitalists)  ? 

These  questions  do,  of  course,  involve  economic  considerations.  But 
they  also,  and  perhaps  more  importantly,  involve  questions  of  the  role 
of  government  in  the  market  system  and  how  far  it  can  and  should  in- 
tervene in  that  part  of  it  which  relates  to  technological  innovation. 

The  concept  of  increased  "risk-sharing"  is  widely  advocated,  and 
some  of  the  experimental  incentive  programs  are  attempting  to  assess 
the  effects  of  such  risk-sharing  (e.g.  provision  of  facilities  and  funds 
at  various  stages  of  the  R.  &  D./I  process)  on  the  ability  and  willing- 
ness of  private  investors  and  entrepeneurs  to  bring  innovation  proj- 
ects to  fruition.  Of  course,  there  is  a  good  deal  of  risk-sharing  already 
being  done  by  the  Federal  Government  in  terms  of  direct-funded 
R.  &  D.,  tax  concessions  (e.g.  the  write-off  of  R.  &  D.  as  an  expense 
rather  than  an  investment) ,  provision  of  information  on  a  free  or  less- 
than-cost  basis,  etc.  The  question  is  how  much  further  and  in  what 
ways  can  or  should  risk-sharing  be  increased.  The  SBIC  program, 
now  well  into  its  second  decade,  has  financed  a  lot  of  high  technology 
ventures  which  might  not  otherwise  have  been  brought  to  the  stage 
of  commercialization.  However,  not  all  SBIC  portfolio  companies 
have  much  to  do  with  exploiting  technological  innovations  and  there 
are  questions  about  whether  a  large  number  of  "good  ideas"  are  not 
being  funded.  Some  of  the  incentives  being  investigated  in  the  experi- 
mental programs  of  NSF  and  NBS  involve  risk-reducing  more 
than  risk-sharing.  They  provide  (or  might  provide,  if  enacted 
routinely)  :  improved  technoeconomic  capabilities  on  behalf  of  small 
ventures;  technology  transfer  officers  and  facilities  (e.g.  the  new 
EDRA  program  of  technology  transfer  officers  to  stimulate  and  speed 
up  the  adoption  of  ERDA  innovations)  ;  and  use  of  procurement 
procedures,  regulations,  and  funds  to  encourage  innovation  in  mate- 
rials, equipment  and  systems  purchased  by  the  Federal  Government, 
in  the  hope  that  they  will  eventually  spiil  over  into  the  commercial 
market. 

h.3.  How  Can  We  Measure  the  Costs  and  Benefits  of  the  FC/R.  c£  D. 
Programs  to  the  Consumer 

Before  we  can  attempt  to  measure  the  impact  on  consumers,  we 
have  the  nontrivial  problem  of  identifying  the  consumers  of  the 
FC/R.  &  D.  results.  If  we  consider  the  consumer  to  be  only  the  "tax- 
payer" or  the  "man  in  the  street,"  we  are  in  trouble,  because  we  are 
smack  up  against  the  ultimate  question  of  how  particular  innovations 
or  the  innovation  process  as  a  whole  contribute  to  or  detract  from 
his  quality  of  life,  general  well  being,  and  satisfaction.  This  is  a  task 
that  is  far  too  complex  to  consider  in  this  narrow  area  of  our  sociofy 
called  the  innovation  process.  It  gets  us  into  a  whole  myriad  of  ques- 
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tions  on  what  the  economists  call  "externalities" — who  pays  and  who 
benefits.  If  consumer  or  citizen  A  gets  less  fun  out  of  life  because 
his  neighbor  B  has  a  new  technological  toy  (vehicle,  noise  emitter,  or 
weapon),  how  do  we  calculate  and  olFset  the  cost  and  benefits  to 
each. 

( )ne  direction  of  retreat  from  this  difficult  problem  is  to  stop  short  of 
this  attempt  at  ultimate  measures  of  cost  benefits  to  consumers  or 
citizens  as  a  whole  and  back  up  along  the  R.  &  I)./Innovation  con- 
tinuum of  figure  1  until  we  reach  a  comfortable  and  feasible  measuring 
point. 

For  example,  the  costs  of  pollution-reducing  equipment  to  the  pur- 
chaser and  user  may  be  clearly  evident,  but  the  benefits  to  him  or  his 
organization  may  not,  even  though  the  general  citizenry  benefits  from 
less  pollution  in  their  environment.  Measurement  at  the  level  of  the 
purchaser  or  user  is  becoming  more  sophisticated  and,  in  some  in- 
stances, less  polemic  and  more  economically  realistic.  If  he  can  (1) 
avoid  penalties,  work  stoppages  or  loss  of  business,  and  (2)  even 
recover  materials  or  energy  and  improve  his  production  methods  as 
a  consequence  of  the  attempt  to  reduce  pollution,  this  outcome  should 
be  offset  against  the  costs  of  installation  and  operation  of  the  equip- 
ment. Some  analysts  and  users  are  beginning  to  think  this  way  and, 
if  careful  measurement  and  analysis  are  carried  out  on  a  continuing 
basis,  we  might  cret,  as  a  spinoff,  very  good  indicators  of  the  contribu- 
tion of  some  Federal  R.  &  D.  outputs — e.g.  pollution  measurement 
methods  and  equipment. 

4-4.  The  Effects  of  Federal  Patent  and  Licensing  Policy 

The  special  issue  of  federal  patent  and  licensing  policy  is  raised 
frequently  in  any  consideration  of  barriers  and  incentives  to  technologi- 
cal innovation.  However,  the  general  and  oversimplified  view  that 
patent  rights  or  exclusive  licensing  make  all  the  difference  or  the  major 
difference  in  whether  a  particular  innovation  will  be  commercialized 
or  utilized  is.  indeed,  a  gross  oversimplification.  In  certain  industrial 
sectors,  patents  are  very  important.  They  provide  the  protection  neces- 
sary for  an  entrepeneur  or  an  established  firm  to  make  a  significant  in- 
vestment in  a  new  product  or  process  with  the  assurance  (not  always 
warranted)  that  the  fruits  of  his  invention  (or  the  rights  to  someone 
else's  invention  which  he  secured  in  one  way  or  another)  will  be 
honored  and  that  he  will  be  secure  in  his  exploitation  thereof.  In  other 
sectors,  patents  are  not  very  much  used  and  do  not  offer  the  classical 
protection  which  the  notion  of  "patent*'  implies.  In  those  fields,  cost 
of  entry;  speed  of  entry;  ability  to  advertise,  market  and  service  a 
product ;  proprietary  know-how ;  ongoing  R.  &  D. ;  and  other  factors 
may  mean  much  more  than  the  mere  possession  of  a  patent.  In  still 
other  industries,  the  filers  of  patents  count  on  delays  in  the  system  to 
keep  their  inventions  secret  for  enough  time  for  them  to  gain  a  mar- 
keting or  cost  or  other  advantage. 

In  view  of  this  mixed  situation,  it  is  not  clear  that  manipulations  of 
the  patent  system  as  such  will  make  a  tremendous  impact  on  the  rate 
of  innovation  or  the  adoption  and  utilization  of  innovations  from 
FC/R.  &  D. 

We  have  been  involved  in  a  number  of  studies  related  to  the  par- 
ticular aspect  of  this  broad  area  that  deals  with  the  issue  of  exclusive 
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versus  nonexclusive  licensing,  which  has  become  a  matter  of  poliri- 
cal  and  social  concern  as  well  as  economic  and  technical  concern.  Our 
investigations  indicate  that  the  mere  granting  of  exclusive  li< 
(now  a  moot  qeustion  for  some  federal  agencies  in  view  of  recent  court 
decisions)  does  not  necessarily  determine  or  strongly  influence  the  rate 
at  which  government-funded  inventions  will  be  exploited.  Some  of  the 
other  factors  which  weigh  heavily  in  this  area  are : 

(1)  Degree   of  exclusivity:   range   from  "completely"  non- 

exclusive, i.e.,  virtually  no  screening  of  would-be 
licensees,  through  various  restrictive  conditions  for 
licensing  that  reduce  the  potential  set  of  licensees  to  a 
smaller  number,  to  one  and  only  one  licensee. 

(2)  License  versus  waiver:  determined  by  the  relationship  of 

the  potential  licensee  with  the  project  or  program  that 
yielded  the  patent. 

(3)  Size  of  fees  and  fee  schedules  for  licenses. 

(4)  Size  and  capability  of  the  licensing  office :  this  can  range 

from  a  part-time  person,  with  primarily  clerical  func- 
tions, as  found  in  some  agencies,  to  a  fully-staffed 
office  of  several  experienced  patent  and  licensing 
professionals. 

(5)  Policies  and  procedures  for  interaction  with  potential 

licensees:  this  can  range  from  a  tight,  bureaucratic 
"we've  got  it  and  you  want  if  approach  to  a  loose,  in- 
formal relationship,  in  which  the  licensor  and  licensees 
are  joined  in  the  mutual  task  of  attempting  to  benefit 
the  economy  through  licensing. 

(6)  The  degree  of  aggressiveness  with  which  licenses  are 

pursued  by  the  licensor:  this  can  range  from  a  passive, 
waiting- for-business  posture  to  an  intensive  and  aggres- 
sive campaign  of  marketing  licenses  (such  as  is  pursued 
by  some  companies,  universities,  not-for-profits  and  pro- 
fessional licensing  firms). 

(7)  The  restrictions  with  respect  to  exploitation  lag  before  the 

license  lapses  or  is  revoked. 

(8)  The  restriction  with  respect  to  "earnest  money"  or  earnest 

effort  in  exploiting  the  patent. 

(9)  The  reporting  and  disclosure  requirements  in  connection 

with  the  license. 

(10)  The  availability  and  cost  to  the  licensee  of  technical  as- 

sistance and  know-how  (including  access  to  the 
inventor) . 

(11)  The  degree  of  follow  up  by  the  licensor  to  see  that  condi- 

tions of  the  license  and  the  commitments  made  by  the 
licensee  and  the  licensor  are  fulfilled. 

(12)  The  behavior  of  the  licensor  in  actuallv  revoking  or  modi- 

fying the  terms  of  a  license  as  an  "incentive"  to  others 
as  well  as  the  immediate  licensee. 

(13)  Re-negotiation  provisions,  which  may  depend  on  the  path 

of  development  of  the  license  and  unforeseen  circum- 
stances.7 


7  From  "Preliminary  Ideas  on  an  Experiment  to  Test  the  Effects  of  Exclusive 
Rive  Licensing"  ;  A  Report  to  Denver  Research  Institute  for  the  NSF/Department  of  Com- 
merce Study,  by  Albert  H.  Rubenstein  and  Charles  W.  N.  Thompson. 
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M>  Recommendations 

The  issue  of  measuring  or  even  qualitatively  assessing  the  effective- 
ness of  Federal  Civilian-Oriented  R.  ft  D.  (FC/R.  ft  D.)  is  far  from  a 
matter  of  merely  collecting  existing  data  and  performing  some  statis- 

■A  analysis  to  see  if  the  output  justifies  the  input.  There  are  some 
-  wre  conceptual,  measurement,  and  value  problems  that  must  be 
addressed  before  such  measurement  or  assessment  can  be  done  effec- 
t  Lvely. 

( Conceptually,  the  problems  involve  an  analysis  of  the  total  R.  ft  D./ 
Innovation  process,  including  its  involvement  with  the  social  sub- 
systems and  supersystems  which  it  is  intended  to  serve  or  which  it 
rves  inadvertently.  This  means  that  the  various  stages  of  outputs 
scribed  in  this  paper  require  careful  study  and  differentiation  in 
terms  of  what  credit  (or  blame)  the  R.  &  D.  part  of  the  process  de- 
serves for  its  contribution.  Then  there  is  the  related  issue  of  account - 
g  for  the  other  important  inputs  to  the  social  systems,  including 
ilitical  as  well  as  economic  inputs.  This  is  crucial,  since  political  and 
I  ministrative  decisions  on  whether  and  how  to  stimulate  or  inhibit  the 
flow  of  the  innovation  process  from  laboratory  to  user  play  a  decisive 
>le  in  whether  any  ultimate  results  are  achieved. 
Measurement  problems  are  also  severe  for  a  number  of  reasons.  One 
is  that  the  entities  or  events  which  constitute  the  potentially  measure- 
able  output  of  the  R.  &  D. /Innovation   (R.  &  D./I)   process  vary 
widely  in  size,  form,  detectability,  directness,  and  other  characteristics. 
Decision  on  a  unit  of  measurement  is  a  task  that  has  defied  many 
efforts  over  the  past  few  decades  to  assess  the  outputs  of  the  R.  &  D./I 
process.  Given  that  some  units  can  be  agreed  upon  (e.g.,  number  of  new 
products  in  the  intermediate  stages  or  increase  in  employment  at  more 
ultimate  stages  of  the  total  process)  there  is  the  fundamental  problem 
of  imputing  to  a  given  input  in  this  complex  process  the  proper  quanti- 
tative  share  of  credit  for  outputs  from  the  overall  process  or  the 
various  stages  in  the  process.  This  is  particularly  important  in  a 
process  such  as  R.  &  D./I,  where  many  inputs  are  necessary  to  achieve 
useful  results  and  none  of  them  is  sufficient  to  achieve  them  alone. 

Finally,  the  value  questions  are  perhaps  as  complex  and  ill  structured 
as  the  measurement  and  conceptual  problems.  To  what  extent  is  the 
society  willing  to  spend  federal  funds  to  support  and  encourage  a 
process  which  has  the  potential,  in  addition  to  helping  society  at  large, 
for  helping  some  individuals  and  organizations  to  benefit  greatly  from 
involvement  in  it  (e.g.,  the  entrepreneurs  and  the  venture  capitalists). 
Is  the  society  willing  to  have  funds  earmarked  for  a  particular  social 
->ion  contribute  to  outputs  in  another  sector.  If  the  answers  to  these 
value  questions  are  affirmative,  then  the  budgeting,  planning,  program- 
ming, management,  and  incentive  structure  of  our  FC/R.  &  D. 
programs  should  be  made  consistent  with  these  values. 

These  comments  lead  to  a  few  specific  recommendations  which  are 
in  an  area  of  joint  decision  and  action  by  Congress  and  the 
Administration: 

1.  Clearer  guidelines  should  be  established  and  enforced  on  how 
far  along  the  R.  &  D./Innovation  continuum  (lab  to  market 
place)  the  Federal  Government  is  willing  and  able  to  go  to 
encourage  and  influence  the  R.  &  D./I  process. 
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2.  If  further  real  involvement  in  the  process  is  desired  on  the 
part  of  Federal  civilian  agencies,  the  legisaltion,  regulations, 
funding,  and  reward  structure  should  reflect  these  desires. 

3.  Instead  of  an  occasional  investigation  or  quick  inquiry  into 
the  effectiveness  of  the  FC/R.  &  D.  process  in  producing  useful 
outputs  for  society,  a  continuous,  systematic  audit 8  should  be 
established  to  provide  guidance  on  how  the  R.  &  D./I  process  is 
working  in  various  sectors  and  what  changes  are  needed  to  make  it 
more  effective. 

None  of  the  recommendations  mentioned  above  can  be  easily  done 
with  the  flick  of  a  wrist  or  the  announcement  of  intentions.  The  size 
and  complexity  of  the  system,  with  all  its  inherent  uncertainty  and 
time  lags,  requires  that  a  well-funded,  competently-staffed  effort  is 
needed  to  specify  the  exact  changes  that  are  needed  in  regulations, 
legislation,  operating  procedures,  and  innovation  climate  to  increase 
the  effectiveness  of  FC/R.  &  D.  Clues  to  many  of  the  factors  involved 
are  given  in  this  paper,  but  their  incorporation  into  a  workable  pat- 
tern will  take  a  lot  of  hard  work  over  an  extended  period,  if  the  situa- 
tion is  to  be  improved  significantly.  As  a  result  of  the  many  experi- 
ments and  studies  supported  by  the  ETIP  program  of  the  National 
Bureau  of  Standards  and  the  RDI  program  of  the  National  Science 
Foundation,  there  is  much  information  accumulating  on  the  barriers 
to  improved  effectiveness  of  FC/R.  &  D.  This  information  needs  to  be 
sorted  out,  integrated,  and  utilized  in  improved  design  of  the  process. 

6.  A  Brief  Note  on  the  Background  for  This   Paper 

I  would  like  to  indicate  the  basis  for  the  observations  and  recom- 
mendations contained  in  this  paper  and  to  disclaim  any  pretense  of 
a  comprehensive  "state  of  the  art"  review  of  the  literature  or  "hard 
data"  on  the  subject. 

The  observations  arise  from  my  involvement,  over  the  past  25  years, 
in  research,  consulting,  and  direct  experience  with  the  Research  and 
Development/Innovation  (R.  &  D./I)  process  in  a  wide  variety  con- 
texts— publice  and  private,  foreign  and  domestic,  large  organization 
and  small,  for-profit  and  not-for-profit.  As  part  of  my  consulting  ac- 
tivities, I  have  been  involved,  since  the  beginning  of  the  SBIC  pro- 
gram, as  a  director  of  a  Small  Business  Investment  Company,  many  of 
whose  portfolio  companies  are  in  areas  of  high  technology. 

Our  research  on  the  R.  &  D./I  process  at  Northwestern  (and  prior 
to  that  at  M.I.T.  and  Columbia)  has  been  supported  by  a  wide  variety 
of  Federal  agencies  and  we  have  been  closely  involved  in  the  "research- 
on-research"  and  "science/technology  policy"  programs  of  NSF, 
NASA,  DOD,  Army  Research  Office,  NBS,  Office  of  Naval  Research, 
and  other  agencies. 

The  observations  in  this  paper,  then,  reflect  a  far-from-detached 
view  of  the  Federal  R.  &  D.  programs  in  general,  although  neither 
I  nor  members  of  our  research  group — The  Program  of  Research  on 
the  Management  of  Research  and  Development  at  Northwestern — 
have  espoused  particular  policy  positions  relative  to  the  focus  of  this 
paper — The  Effectiveness  of  Fedefal  Civilian-Oriented  R.  &  D. 
Programs. 


8  Rubenstein  and  Geisler,  op.  cit. 
70-801—76 5 
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Tn  the  past  3-4  years  but  research  group  and  a  number  of  us  as  indi- 
vidual consultants  have  become  heavily  involved  in  the  several  federal 
programs  attempting  to  develop  and  test  incentives  for  techological 

innovation  in  Inith  the  public  and  private  sectors  (e.g.  ETIP  of  the 
National  Bureau  of  Standards  and  EDI  of  the  National  Science 
Foundation).  We  have  done  studies  on:  Federal  incentives  to  inno- 
vation: exclusive  licensing;  procurement  incentive's:  technology  trans- 
fer mechanisms;  measuring  the  outputs  of  R.  &  I).  (Science4  [ndica- 
:  t  he  use  of  conl  racl  mechanisms  to  stimulate  innovation :  the  ap- 
I  ion  of  technology  from  federal  agencies  (XASA,  1)01),  ERDA, 
DOT,  etc):  and  many  other  aspects  of  the  field  of  incentives  and 
barriers  to  application  of  the  results  of  R.  &  D. 

The  issue  statements  and  other  comments  in  this  paper  constitute 
an  attempt  to  respond  to  a  number  of  questions  about  the  effectiveness 
of  federal  civilian  oriented  R.  &  D.  and  not  to  state  a  coherent  policy 
position  or  to  neatly  package  all  we  know  in  a  single  model  of  the 
process. 

Figure  1 


X  CONCEPTUAL  FRAMEWORK  OF  THE  RELATIONSHIP  BETWEEN  R&D  AND 
SUfilAL  SUR-SrViEMS 


INPUT  TO  R&D 


IMMEDIATE  OUTPUTS 
OF  R&D 


INTERMEDIATE 

OUTPUTS  OF  R&D: 

INPUT  TO 

soctAl 
sub-systems 


PRE-UI.TIMATE 
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SOCIAL     _ 

SUB-SYSTEMS 


a 


ULTIMATE  SOCIAL 
OUT^nrS  («-g>  THE 
QUALITY  OF  LIFE) 


OTHER   INTERVENING  FACTORS   IN  THE  ENVIRONMENT  OF  THE  R&D/I   PROCESS  AND  ITS 
RELATED  SUB- SYSTEMS    INCLUDINC  ADDITIONAL  SUB-PROCESSES  SUCH  AS   PRODUCTION, 
MARKETING,   FINANCE,   TESTING,  AND  EVALUATION 
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FlGURE  2 

SELECTED  INDICATORS  FOR  THE  DISEASE  SUBSYSTEM  OF  THE  HEALTH  CARE  SYSTEM 


Intermediate  outputs! 


Preultimate  outputs! 


Ultimate  outputs' 


1 .  Number  of  publications  in  medical 

research,  in  medical  journals. 

2.  Number  of  new  drugs  adopted  for 

use  in  Health  care. 

3.  Number     of     new     instruments 

adopted  for  use  in  health  care 
(machines,  apparati;  devices, 
etc.). 

4.  Number  of  new  diagnostic  tech- 

niques adopted  for  use  in  health 
care. 


Prevention:' 

1.  Distribution  of  infectious  diseases 

(number  of  cases/lO8  popula- 
tion). 

2.  Number  of  diseasss  for   which 

inoculation  of  infants  (0  to  2 
yr>  is  done. 

3.  Distribution  cf  diseases  treated 

i  n  out-patient  hospital  care. 

4.  Distribution  of  occupational  dis- 

eases per  population. 
Cure:* 

1.  Death  rate  by  leading  causes  of 

death  (diseases). 

2.  Death  rate  by  hading  causes  of 

death  by  age  groups  (diseases). 

3.  Morbidity  rate  by  leading  cause 

(diseases). 

4.  Recurring    appearances    of   dis- 

eases per  population. 


Positive  outputs: 

1.  Life  expectancy. 

2.  Decline  of  morbidity  rate. 

3.  Eradication  of  diseases. 

4.  Economic    benefits   frcm    healthy 

population    (e.g.,    number    of 
ing  days  lost  due  tc  sick- 
ness causes— reduced). 
Negative  outputs: 

1.  Population  explosion. 

2.  Social  and  economic: 

Larger  share  of  older  pecula- 
tion—nonlabor  force. 

Economic  and  social  burden  of 
cider  sector  of  population. 


1  Not  necessarily  in  order  of  priorities. 

*  Indices  compileo  frcm:  L.  A.  Aday  and  R.  Einhorn,  "The  Utilization  of  Health  Services: 
Research  Bibliography",  DHEW  Pub.  No.  1  (HSM)  73-3003. 


Indices  and  Correlates:  A 


Scurce:  0.  W.  Andersen  and  J.  Kravitz,  "Health  Services  in  the  Chicago  Area:  A  Framework  for  Use  of  Data,"  Research 
Series  26,  Center  fcr  Health  Administration;  University  cf  Chicago,  1968. 

Figure  3 
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Figure  4. — Some  out/ruts  of  energy  R.  &  D. 

The  development  of  criteria  for  the  measurement  of  the  various 
outputs  of  energy  11.  &  D.  is  based  on  the  declared  objectives  in  this 
field. 

Considering,  for  example,  two  sub-areas  of  energy  R.  &  D. —  (1) 
energy  conservation,  and  (2)  investigation  of  the  potential  for  more 
extensive  coal,  oil,  gas  and  shale  utilization  (fossil  energy  R.  &  D.) — 
some  output  indicators  might  be: 

CONSERVATION 

Immediate  output  indicators* 

Improved  economics  of  electric  power  transmission. 
Improved  reliability  of  transmission. 
Improved  efficiency  of  transmission. 
Increased  storage  capability  for  electric  power. 
Decreased  fuel  consumption  of  automotive  engines. 

Intermediate  output  indicators 
Safety. 

Contamination  and  health. 
Air  and  water  pollution. 
Improved  energy  input  to  industrial  production. 

Pre-ultimate  output  indicators 

Conservation  R.  &  D.  may  lead  to : 

Increased  opportunity  for  industrial  expansion.  Leading  to : 

Increased  and  diversified  industrial  production. 

Replacement  of  traditional  vehicle  systems  by  those  that  operate  on 
stored  energy  or  another  system. 

Ultimate  output  indicators 
Increased  in  employment. 
Increased  satisfaction  in  population. 
Increased  quality  of  life. 
Balance  of  payment  and  balance  of  trade. 

FOSSIL  ENERGY 

Immediate  output  indicators* 

Reduced  cost  of  drilling. 

Improved  detection  power. 

Reduced  production  costs. 

Increased  production  of  pollution  free  fuels. 

Production  of  knowledge,  methods  and  technology  for  coal  liquefi- 
cation  and  gasification. 

Intermediate  outputs 

Utilization  of  immediate  outputs  by  industry,  utility  companies  and 
other  social  sub-systems  (e.g.,  transportation)/ 

*  Immediate  in  the  sense  that  they  represent  new  knowledge  of  the  possibility  and 
feasibility  of  doing  these  things.  This  listing  represents  only  a  "first  cut"  at  the  problem. 
Much  work  must  be  done  to  further  identify  and  operationailze  measures  at  all  levels. 
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Pre-ultimate  output  indicators 

Production  and  marketing  of  vehicles  fueled  by  gas  or  oil  from  oil- 
shale/coal. 

Production  and  marketing  of  industrial  product  at  lower  costs  and 
increased  variety. 

Ultimate  output  indicators* 

Decrease  in  the  national  dependency  on  foreign  energy  sources. 

Improved  environmental  conditions. 

Balance  of  payments. 

Increased  political  influence  on  international  scene. 

Increased  employment  in  energy  industry  and  related  areas. 

Decrease  in  national  fossil  fuel  reserves  (a  negative  indicator). 

Figure  5. — Some  outputs  of  transportation  R.  &  D. 

Immediate  Output  indicators 
Cost  reduction. 
Routing  improvements. 
Safety  improvements. 

Decrease  in  loss  of  and  damage  to  goods  transported. 
Time  saved. 
Improved  energy  usage. 

Pre-ultimate  output  indicators 

Reduced  costs  of  industrial  products  at  the  factory  (due  to  lower 
transportation  costs  of  raw  material  and  lower  manpower  costs). 

Reduced  costs  of  industrial  products  (finished  goods  at  end  of  pro- 
ducer-consumer chain). 

Ultimate  output  indicators 

Comfort,  convenience  and  satisfaction  of  passengers  and  population. 

Decline  in  air  and  water  pollution. 

Economic  growth  (due  to  movement  of  goods  and  passengers  in 
larger  volumes,  with  less  spoilage,  more  safety  and  in  less  time) . 

Figure  6. — Factors  affecting  the  application/ utilization  of  Federal 

R.  &  D.  outputs 

(A)  Innovations  from  NASA — Performed  or — Supported  R.  &  D.f 
where  the  organizations  attempting  to  apply  or  utilize  the  technology 
were  industrial  firms: 


*See  footnote  in  Figure  4. 

8  From  Alok  Kumar  Chakrabarti.  "The  Effects  of  Techno-Economic  and  Oreanizational 
Factors  on  the  Adoption  of  RASA-Innovations  by  Commercial  Firms  in  the  U.S.,"  North- 
western University,  Evanston,  Illinois.  June  1972.  A  Ph.  D.  Dissertation.  See  also  A.  K. 
Chakrabarti  and  Albert  H.  Rubenstein,  "Inter-Organizational  Transfer  of  Technology, 
IEEE  Transactions  on  Engineering  Management,  February  1976,  vol.  EN-23. 
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Significant  for- 


Product  Process 

innovations       innovations 

only  only  Both 


1.  Degree  of  general  connection  of  the  technology  to  the  firm's  existing X 

operations. 

2.  Specif  city  of  relationship  between  the  technology  and  some  existing  and  X 

recognized  problem. 

3.  Degree  of  urgency  of  the  problem  to  which  the  technology  was  related X 

4.  Availability  of  personnel  to  implement  the  technology X 

5.  Difficulty  of  obtaining  financial  resources  necessary  for  implementation X 

6.  Degree  of  top  management's  support  for  the  technology X  

7.  Conflict  resolution  methods X 

8.  Organizational  climate  factors X 

9.  Qual.iy  of  information  received  from  the  source  of  the  technology X 

10.  Maturity  of  the  technology X 

I  Innovations  from  DOD  Programs™  where  the  organizations 
attempting  to  apply  or  utilize  the  technology  were  state  and  local 
governmental  agencies : 

Information  availability  to  the  user  organization. 
Frequency  and  quality  of  interaction  between  the  user  and  the 
source  (e.g.  DOD)  scientists  and  engineers. 

Perceived  relative  advantage  of  the  new  technology  or  innova- 
tion over  current  methods,  equipment  or  systems. 

Availability  of  financial  resources  and  technical  personnel  to 
implement  or  adapt  the  technology. 

Top  management  support  for  technological  change. 
The  existence  of  a  product  champion  in  the  user  agency. 
User  involvement  in  source  decisions  about  the  technology. 
Source  involvement  in  potential  user  implementation  difficulties. 
(C)  Innovations  from  Various  Federal  Agencies,11  where  the  orga- 
nizations  attempting  application/utilization   were   state    and   local 
es: 

1.  Clients  in  state  and  local  agencies  are  not  as  naive  on  matters 
of  technological  innovation  as  some  observers  suggest.  They  ana- 
lyze the  possible  benefits  and  uses  of  prospective  technologies  in 
the  very  first  stage  of  adoption. 

2.  Organizational  climate  and  administrative  support  for  tech- 
nical change  has  a  strong  influence  upon  the  adoption  of  federal 
technologies. 

3.  Agencies  which  are  successful  in  adopting  federal  technol- 
ogies make  a  concerted  effort  to  determine  how  prospective  federal 
technologies  relate  to  an  actual  problem  they  have  as  well  as  how 
those  technologies  provide  an  advantage  over  their  existing 
teclmologies. 

4.  Few  state  and  local  agencies  have  any  means  to  thoroughly 
analyze  designs  or  to  pilot  study  prospective  federal  technologies. 
This  reality  stresses  the  need  for  federal  agencies  to  produce 
essentially  turnkey  technologies  which  can  be  implemented  with- 
out further  user  investigation. 


10  From  William  Allpn  Hetzner.  "An  Analysis  of  Factors  Influencing  the  Transfer  of 
Technology  from  DOD  Laboratories  to  State  and  Local  Agencies,"  Northwestern  University, 
Evanston.  Illinois,  1973.  A  Ph.  D.  Dissertation. 

11  From  Allen  D.  Jedllcka,  Albert  H.  Rubinstein  and  William  A.  Hetzner,  "Factors  Affoct- 
inp  the  Transfer  of  Technology  from  Federal  Agencies  to  State  and  Local  Agencies, "  Pro- 
ceeding* of  AID  Conference,  April  1975.  This  was  an  exploratory  pilot  study  with  a  very 
small  data  base. 


THE  RELATIONSHIP  BETWEEN  FEDERAL.  STATE  AND 
LOCAL  GOVERNMENT  SUPPORT  FOR  RESEARCH  AND 
DEVELOPMENT 

By  William  D.  Carey* 
Introduction 

As  this  is  written,  towards  the  close  of  1975,  research  and  develop- 
ment still  touch  only  the  fringes  of  Federal-State-local  relationships 
in  the  United  States.  While  the  infrastructure  of  intergovernmental 
relations  has  continued  to  deepen  and  diversify  and  to  be  the  subject 
of  lively  policy  debate,  there  has  emerged  no  intergovernmental  strat- 
egy based  upon  cooperative  action  for  anticipating  and  resolving 
problems  through  R.  &  D.  True,  there  is  a  trickling-down  of  R.  &  D. 
funds  through  the  well-known  "marble  cake''  of  federalism — though 
no  one  can  confidently  measure  or  describe  it — but  this  either  repre- 
sents longstanding  practices  (e.g.,  the  Agricultural  Experimentation 
Stations  research  program)  or  is  ad  hoc  and  opportunistic.  R.  &  D. 
have  yet  to  come  of  age  as  a  significant  currency  in  intergovernmental 
relations,  and  they  are  unlikely  to  do  so  in  the  foreseeable  future. 

The  explanation  is  both  straightforward  and  complex.  R.  &  D.  fund- 
ing is  a  well-settled  Federal  monopoly  as  the  public  sector  goes  in  the 
United  States.  Except  for  a  few  erratic  and  short-lived  programs 
(Model  Cities,  UMTA  "demonstrations")  the  notion  of  jurisdictional 
joint  R.  &  D.  funding  has  not  been  attempted.  The  maze  of  "cate- 
gories'- of  Federal  assistance  cover  a  great  deal  of  ground,  but  there 
are  no  categorical  programs  for  R.  &  D.  The  one  Federal  attempt  to 
field  a  program  for  technology  transfer — the  State  Technical  Assist- 
ance Program — became  politicized  and  was  abruptly  terminated  by 
the  Congress  in  1969. 

While  it  has  never  occurred  to  Federal  policy-makers  to  propose 
a  systematic  intergovernmental  delivery  program  for  R.  &  D.  results, 
neither  have  the  State  and  local  governments  seriously  sought  one. 
R.  &  D.  has  not  been  eyed  as  a  panacea  by  these  levels  of  government, 
and  there  have  been  no  incentives  and  rewards  to  change  their  minds. 
R.  &  D.  are  well-understood  by  States  and  cities  to  be  costly  and  specu- 
lative areas  of  expenditure,  with  distant  payoffs  at  best,  and  only  when 
these  units  of  government  have  faced  such  bailing  policy  problems  as 
environmental  control  and  energy  management  have  they  begun  to 
move  in  the  direction  of  independent  research  and  development  funded 
from  their  own  budgets.  On  the  whole,  they  have  been  satisfied  to  leave 
large-scale  R.  &  D.  to  "the  Feds." 


♦This  is  one  of  a  series  of  papers  commissioned  by  the  Congressional  Research  Service 
on  behalf  of  the  Joint  Economic  Committee  of  the  Congress.  It  reflects  the  personal  views 
of  its  author,  and  should  be  read  as  an  individual  "think  piece."  Although  the  writer  is  the 
chief  operating  officer  of  the  American  Association  for  the  Advancement  of  Science,  the 
paper  has  not  been  reviewed  by  the  Board  of  Directors,  and  the  author  bears  full  personal 
responsibility  for  the  statements  and  opinions  which  are  expressed. 
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What  emerges  is  a  situation  in  which  all  of  the  major  cost  and  man- 
agement problems  now  encountered  by  the  States  and  cities — crime, 
transportation,  welfare,  housing,  and  education — are  blanketed  by 
Federal  R.  &  I).,  with  only  small  and  marginal  capacity  on  the  part 
of  those  governmental  units  closest  to  the  problems  and  the  tax  bur- 
dens. To  complicate  matters  even  more,  the  States  and  localities  have 
had  almost  no  practical  experience  in  contracting  for  and  evaluating 
R.  &  1 )..  and  it  is  doubtful  that  they  could  get  off  to  a  fast  and  effective 
start  even  if  they  had  to.  Before  they  climb  on  the  R.  &  D.  carousel, 
it  would  be  well  to  make  assistance  available  to  them  regarding  the 
best  practices  of  Federal  and  industrial  research  managers  in  project 
definition,  evaluation  of  performance,  and  cost  control. 

The  Facts  of  Life 

State  and  local  governments  comprise  a  "Fourth  World"  in  the 
politics  of  R.  &  D.  The  other  three  worlds  are  the  Federal  Govern- 
ment, industry,  and  the  university/nonprofit  sector.  The  three  primary 
elements  have  constituted  the  "system"  since  R.  &  D.  became  a  big 
business  in  the  United  States.  The  arrangements  were  convenient  and 
effective :  The  Federal  Government  determined  the  objectives  and  pro- 
vided the  financial  stimulus;  the  industry  sector  performed  most  of 
the  developmental  work,  sharing  the  "applied"  research  with  Federal 
R.  &  D.  centers;  and  the  universities  (including  State-supported  in- 
stitutions) did  most  of  the  fundamental  research.  State  and  local  gov- 
ernments as  such  were  excluded  since  they  had  nothing  to  offer  except  a 
vocal  interest  in  the  siting  of  R.  &  D.  facilities  and  the  geographic 
distribution  of  research  grants  and  contracts.  In  a  sense,  of  course,  the 
latter  served  as  a  kind  of  proxy  for  an  "intergovernmental  R.  &  D." 
strategy,  in  that  it  had  the  side  effect  of  concentrating  valuable  R.  &  D. 
assets  in  favored  states  and  sub-state  regions,  notably  Massachusetts 
and  California.  While  the  economies  of  these  states  derived  substantial 
benefits  from  these  allocation  decisions,  it  would  be  very  hard  to  make 
out  a  case  that  substantial  benefits  accrued  to  the  enlightenment  or  the 
effectiveness  of  the  host  governments. 

The  State  and  local  governments,  having  come  late  to  the  R.  &  D. 
feast,  are  still  a  minor  factor  in  the  demand-supply  market.  Their  re- 
quirements do  not  yet  make  a  difference  in  the  economics  of  the  R.  &  D. 
industry,  and  certainly  have  not  figured  in  influencing  the  intensity  or 
expectations  of  the  techno-scientific  enterprise.  That  enterprise  still  has 
its  attention  riveted  on  the  Federal  Government,  and  State-local  re- 
quirements do  not  constitute  even  a  secondary  market  of  interest. 
It  is  normal  for  R.  &  D.  institutions  to  pounce  on  the  Federal  budget 
before  the  ink  dries  to  find  out  what  is  in  it,  but  all  the  State  budgets 
together  send  out  no  more  than  a  feeble  signal. 

Not  only  is  a  financial  partnership  absent  in  intergovernmental 
R.  &  D.  relationships,  but  neither  can  one  find  a  systematic  process  of 
policy  or  administrative  cooperation.  There  are  isolated  patterns  of 
cooperation  in  shaping  common  needs  for  R.  &  D.  in,  for  example,  the 
fields  of  highway  research  and  environmental  protection.  ERDA  will 
very  probably  be  the  next  Federal  agency  to  have  formal  consultative 
links  with  State  and  local  governments.  But  there  is  no  policy  pres- 
sure on  the  agencies  from  the  Executive  Offices  to  formulate  domestic 
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R.  &  D.  programs  and  budgets  in  concert  with  the  State  and  local  gov- 
ernments, nor  a  crosscutting  R.  &  D.  budget  analysis  of  the  intergov- 
ernmental R.  &  D.  It  can  also  be  said  that  there  has  been  no  policy 
pressure  from  the  Congress,  other  than  to  try  to  salvage  the  National 
Science  Foundation's  modest  intergovernmental  science  program  from 
policy  neglect.  In  fact,  the  Mansfield  Amendment  has  served  to  chill 
the  policy  climate  and  discourage  agencies  from  diversifying  their 
missions  to  deal  with  State  and  local  needs. 

Clearing  the  Air 

This  paper  will  not  argue  that  State  and  local  governments  should 
be  flooded  with  Federal  R.  &  D.  funds  and  programs.  For  the  most 
part,  the  answers  to  the  dilemmas  of  these  governmental  units  are  not 
to  be  found  in  scientific  research  as  much  as  in  the  applications  of 
R.  &  D.  results  already  on  the  shelf,  in  changes  in  institutional  prac- 
tices and  incentives,  and  in  selected  developmental  technology  to  im- 
prove basic  public  service  delivery  with  a  higher  yield  in  productivity : 
fire  control  and  detection  equipment,  low-pollution  waste  treatment 
technology,  and  multi jurisdictional  land  use  and  health  care  facilities 
systems- — needs  which  come  within  the  definition  of  public  technology. 
Beyond  this,  State  and  local  governments  have  a  growing  need  for 
scientific  and  technical  capacity — the  in-house  know-how  to  cope  with 
problems  of  decision  making  which  involve  close  judgments  in  areas  of 
scientific  and  technical  dispute  or  uncerainty.  These  are  decision-mak- 
ing dilemmas  which  arise  in  investment  planning,  energy  facility  sit- 
ing, land  use  controls,  coastal  zone  management,  regulatory  procedures 
for  health  and  safety,  and  a  wide  spectrum  of  standards-setting,  en- 
forcement, and  judicial  routines.  If  there  is  one  extremely  strong  op- 
portunity for  a  new  intergovernmental  initiative  in  science  and  tech- 
nology, it  lies  precisely  here :  the  urgent  need  to  help  State  and  local 
governments  to  acquire  the  informed  capacity  for  legislating  and  rule- 
making in  complex  fields  of  public  policy  where  scientific  and  technical 
questions  abound.  A  Federal  transfer  of  money  is  only  a  part  of  what 
is  required;  the  generous  transfer  of  expert  personnel,  through  the 
Intergovernmental  Cooperation  Act  process,  could  do  even  more  to 
augment  the  capacity  of  the  State  and  local  governments  for  coping. 

Leveraging  the  massive  Federal  R.  &  D.  expenditure  to  gain  a 
greater  yield  to  State  and  local  governments  is  a  strategy  more  likely 
to  pay  off  than  beginning  as  well-meant  but  open-ended  categorical 
program  to  dump  R.  &  D.  dollars  on  those  jurisdictions.  In  order  to 
manage  a  new  categorical  program,  the  State  and  local  governments 
would  have  to  set  up  new  machinery  and  incur  substantial  overhead. 
If  the  program  called  for  matching  funds,  the  States  and  cities  would 
be  hard-pressed  to  provide  them,  and  probably  disinclined  to  do  so 
beyond  a  token  participation.  On  the  other  hand,  these  jurisdictions 
could  participate  at  low  cost  and  zero  risk  in  the  early  and  middle 
stages  of  Federal  R.  &  D.  program  formulation  and  project  design, 
with  expectations  of  results  which  are  keyed  to  their  adoption  and 
benefit.  If  anything  has  been  learned  about  "technology  transfer,"  it  is 
that  the  user  must  get  in  on  the  act  at  the  start  of  the  R.  &  D.,  help 
to  define  the  questions  to  be  investigated,  formulate  both  the  end  prod- 
uct (or  process)  characteristics  and  the  constraints  (such  as  final  user 
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<.  ami  participate  in  evaluation  and  testing.  If  these  conditions 
are  met,  there  is  a  fighting  chance  that  there  will  he  a  transfer  of  tech- 
;'.  The  problem  is  that  they  seldom  are  met,  and  the  transfer 
does  not  come  off.  This  goes  far  towards  explaining  why  Federal 
R.  &  I),  results  are  stranded  at  the  junctions  of  State  and  local  govern- 
ment, notwithstanding  a  proliferation  of  "technology  transfer"  offices 
in  Federal  agencies.  But  if  the  "top  down"  philosophy  of  Federal 
R.  &  T).  decision-making  could  be  changed  to  a  shared  process,  the 
State  and  local  governments  would  be  in  a  favored  position  to  leverage 
Federal  investment  in  R.  <£  I),  in  those  problem  sectors  which  lie  close 
to  the  nerve.  This  kind  of  intergovernmental  cooperation  in  R.  &  D., 
if  coupled  with  an  effort  in  capacity-building  of  the  kind  discussed 
earlier,  could  make  a  material  difference  at  little  if  any  incremental 
cost. 

The  absence  of  a  large  state  and  local  outlay  for  R.  &  D.  is  not  a 
prima  facie  indication  of  governmental  lag  or  ineptitude,  though  it  is 
sometimes  mistaken  for  it.  R.  &  D.  need  not  be  gaudy  to  be  sufficient, 
nor  is  a  frantic  effort  in  R.  &  D.  necessarily  a  sign  that  all  is  well  with 
public  administration.  The  State  governments  have  willingly,  if  pru- 
dently, supported  R.  &  D.  in  their  own  institutions  when  state  interests 
required  it:  for  soil  conservation,  forest  management,  agriculture, 
public  health,  and  economic  development.  Where  R.  &  D.  has  been 
slower  to  arrive  in  State  government  affairs  has  been  in  the  relatively 
recent  problem  mix  involving  urban  concentrations,  population  move- 
ments, and  the  impacts  of  technological  shock.  In  a  real  sense,  however, 
these  priorities  approached  on  cats'  feet  and  were  quickly  preempted 
by  Federal  interventions.  That  R.  &  D.  has  done  little  to  solve  them 
has  not  escaped  the  notice  of  State  and  local  governments,  though 
perhaps  it  is  not  so  much  the  failures  of  R.  &  D.  as  it  is  the  resistance 
of  public  and  private  interests  to  adapt,  On  the  whole,  the  State  and 
local  governments  have  avoided  the  ploy  of  substituting  R.  &  D.  for 
action,  and  they  have  not  tried  to  dazzle  the  voters  with  scientific 
dog-and-pony  shows.  Whether  State  and  local  governments  have  spent 
"enough"  on  R.  &  D.  is  unanswerable  as  an  abstraction.  Relative  to 
what?  Relative  to  the  gaps  in  knowledge,  or  to  the  rate  of  escalation 
in  debt  and  tax  burden,  or  to  the  unknowns  which  the  next  decade 
will  bring,  a  judgmental  answer  would  be  that  they  are  under-investing 
in  R.  &  D.  But  relative  to  their  budget  margins,  or  to  the  heavier  claims 
of  meeting  current  workloads,  or  to  their  present  capacity  for  R.  &  I). 
planning  and  management,  or  to  their  arrangements  for  problem- 
solvinsr  on  a  substate  regional  basis,  the  answer  could  as  readily  be  that 
R.  &  D.  outlays  are  a  reasonable  reflection  of  reality,  at  least  until 
such  time  as  an  operative  intergovernmental  relations  breakthrough 
can  be  negotiated. 

The  Federal  Policy  Role 

Federal  policy  leadership  to  integrate  State  and  local  governments 
into  the  R.  &  D.  enterprise  has  been  centered  in  the  National  Science 
Foundation,  where  it  has  lived  dangerously  and  survived  by^  ingenuity. 
With  modest  resources  but  a  lively  imagination  and  an  inclination 
towards  risk,  the  Office  of  Intergovernmental  Science  Programs  has 
fielded  a  striking  menu  of  policy  research  studies,  prototype  State/ 
local  science  and  technology  centers,  and  Federal-State  working  con- 
ferences on  requirements  'supply  problems.  In  many  instances,  NSF 
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has  provided  the  front-end  capital  to  get  State  and  city  government^ 
up  to  traveling  speed  which  has  enabled  governors  and  legislatures 
to  assess  scientific  and  technical  information  for  policy  making  pur- 
poses. In  addition,  NSF  has  tried  to  assemble  an  aggregated  State-local 
market  demand  for  science  and  technology  by  assisting  in  the  creation 
of  regional  urban  networks  for  defining  common  needs  and  exchanging 
experiences.  Considering  the  financial  and  policy  constraints  within 
which  NSF  has  been  obliged  to  work,  as  well  as  the  relatively  obscure 
status  of  NSF  in  the  Federal  power  lineup,  the  results  are  impressive. 
There  now  exists  a  framework  of  State  and  local  know-how  which  can 
bo  kept  in  place  and  scaled  up  to  carry  a  stronger  burden  of  inter- 
governmental cooperation,  should  things  turn  out  that  way.  But  not 
even  the  NSF  has  been  successful  in  following  up  its  initiatives  with 
a  breakthrough  in  intergovernmental  relations  policy.  Its  work  with 
State  and  local  governments  has  been  viewed  more  as  a  pattern  of 
typically  altruistic  gestures  than  as  a  serious  new  start  in  intergovern- 
mental affairs.  In  political  terms,  NSF  has  not  built  a  State-local  con- 
stituency with  sufficient  conviction  and  self-interest  to  force  the  federal 
government  towards  a  reorientation  of  its  R.  &  D.  arrangements,  and 
NSF  itself  is  in  no  position  to  play  the  role  of  advocate  even  if  it  had 
an  inclination  to  try.  Its  priorities  lie  elsewhere,  in  advancing  the 
progress  of  science  and  higher  education,  and  in  keeping  clean  hands 
as  it  attempts  to  administer  the  RANN  program.  Its  interest  in  inter- 
governmental R.  &  D.  is  a  barely  marginal  one,  though  signs  of  grow- 
ing policy  support  are  beginning  to  be  seen.  In  this  perspective,  what 
has  been  accomplished  has  to  be  rated  as  remarkable. 

Limitations  in  the  States 

If  there  are  foul-ups  in  the  Federal  system  which  thwart  State 
and  local  involvement  in  R.  &  D.  programs,  there  arc  also  imperfec- 
tions within  the  State  systems.  The  roles  of  State  universities  come 
to  mind.  Since  the  public  university  is  a  creature  of  the  State,  a  pre- 
sumption exists  that  these  institutions  should  be  valuable  sources  of 
scientific  and  technical  service  to  State  and  city  governments.  The 
evidence  is  that  things  do  not  work  out  that  way.  The  universities 
have  missions  of  their  own  to  see  to.  Their  R.  &  D.  capabilities  are 
largely  financed  by  the  Federal  Government.  Top-flight  university 
researchers  are  typically  supported  by  the  Federal  grants  which  they 
assiduously  seek.  Few  incentives  and  rewards  are  offered  by  State 
governments  which  can  compete  with  the  Federal  varieties.  The  needs 
of  governments  are  likely  to  be  for  quick  answers  to  today's  problems, 
whereas  university  R.  &  D.  is  characteristically  long-range  and  fun- 
damental. Ad  hoc  services  to  states  and  cities  tend  to  disrupt  R.  &  D. 
routines  and  academic  scheduling,  and  are  seen  as  diversions.  For 
all  these  reasons,  university  R.  &  D.  capabilities  are  seldom  focused 
on  state  and  local  government  service  even  though,  in  some  states, 
legislation  provides  that  salary  advances  and  promotions  must  be 
based  in  part  upon  evidence  of  service  to  the  government.  In  practice, 
this  requirement  is  inconsistently  observed.  The  economic  faculty  is 
more  likely  to  be  found  providing  consulting  help  than  is  the  physics 
or  chemistry  department,  although  the  gradual  emergence  of  inter- 
disciplinary university  centers  for  environmental  or  energy  studies 
suggests  an  affinity  to  governmental  concerns  which  may  turn  out  to 
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be  productive.  A  few  states,  like  Illinois,  have  bypassed  the  universities 
by  creating  autonomous  institutes  of  the  "think  tank''  variety  in  order 
to  create  new  and  better  incentives  for  responsive  R.  &  D. 

In  general,  the  prognosis  is  that  State  universities  will  declare  them- 
selves in  favor  of  public  service  but,  in  practice,  will  preserve  their 
independence  to  decide  each  case  on  its  merits.  It  is  difficult  to  dispute 
the  university's  right  to  make  a  choice  as  to  the  propriety  and  priority 
of  the  summons  to  service,  and  to  decide  what  is  the  best  use  of  its 
skills.  Where  the  State  defines  a  particular  service  which  fits  in  with 
the  stream  of  the  university's  concerns  and  interests,  there  is  a  prob- 
ability that  something  can  be  arranged.  But  if  the  request  is  seen  as  a 
distraction,  a  setback  to  important  work  in  progess,  or  an  interference 
in  the  ordered  regime  of  the  university,  the  institution  is  likely  to  re- 
sist. One  remedy  is  for  the  State  government  to  negotiate  with  enough 
lead  time  to  enable  university  administrators  to  work  out  manpower 
and  teaching  adjustments;  it  is  the  firebell-ringing  approach  which 
causes  much  of  the  trouble.  But  lead  times  are  not  always  available 
to  State  or  local  officials,  and  the  torture  involved  in  doing  business 
with  the  universities  is  a  strong  deterrent  to  a  productive  relationship. 
To  a  frustrated  governor,  the  knowledge  that  the  university's  R.  &  D. 
talent  is  knee-deep  in  Federal  grants,  contracts,  and  proposal-writing 
can  be  infuriating,  and  he  is  likely  to  look  upon  the  university  as  more 
of  a  Federal  than  a  State  institution.  While  direct  Federal  relation- 
ships with  State  institutions  and  their  research  facilities  are  perhaps 
not  the  major  problem  of  intergovernmental  relations  in  R.  &  D.  they 
are  nevertheless  a  complicating  factor  from  the  standpoint  of  the 
States.  The  question  never  is  asKed,  at  the  Federal  level,  whether  the 
award  of  research  support  will  preempt  the  State  government  from 
levying  requirements  for  service  upon  the  State's  university.  Nor,  so 
far  as  is  known  for  that  matter,  has  a  State  chancellor  of  higher  edu- 
cation ever  interfered  in  the  bilateral  relationship  between  the  State 
institutions  and  the  Federal  Government.  Until  that  happens,  or  until 
Federal  research  funds  .become  scarcer,  the  university/State  govern- 
ment relationship  will  remain  a  troubled  one. 

State  R.  &  D.  Expenditure  Profile 

The  most  recent  data  on  State  government  R.  &  D.  expenditures  are 
found  in  National  State  Funding  Report  75-303,  and  cover  fiscal  years 
1972  and  1973.  Because  of  the  effects  of  the  economic  recession  on 
State  budgets,  it  is  not  likely  that  State  R.  &  D.  efforts  have  increased 
since  1973,  and  may  even  have  declined.  One  can  take  either  a  cheerful 
or  a  gloomy  view  of  the  meanings  of  the  state  numbers.  The  cheerful 
view  is  to  note  a  nearly  fourfold  increase  from  1964  to  1973  in  current 
dollars.  The  gloomy  view  points  to  the  fact  that  the  absolute  totals  are 
still  very  small,  the  fact  that  the  States  put  up  only  48  percent  of  the 
R.  &  D.  expenditures  from  their  own  funds,  and  the  fact  that  two 
States —  New  York  and  California — made  up  36  percent  of  all  States' 
expenditures  for  R.  &  D. 

NSF  reports  that  State  government  agencies  spent  $264  million  in 
R.  &  D.  in  1973,  or  0.9  percent  of  national  R.  &  D.  expeditures.  To  reach 
this  level,  State  expenditures  for  R.  &  D.  doubled  from  1967  to  1973, 
and  Federal  funds  transferred  to  the  States  account  for  50  percent  of 
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the  expenditures  credited  to  the  States;  the  real  effort  measure  thus  is 
reduced  to  $130  million,  in  round  numbers,  if  one  is  trying  to  deter- 
mine the  degree  of  State  governments,  direct,  R.  &  D.  investment 
policy.  On  the  other  hand,  the  split  suggests  that  if  a  Federal-State 
relationship  did  not  exist  in  R.  &  D.,  modest  though  it  may  be,  State 
governments  would  look  considerably  worse  than  they  do.  This  opti- 
mistic view  fades  rapidly,  however,  when  the  $130  million  of  Federal 
R.  &  D.  assistance  is  compared  with  a  $45  billion  total  of  all  Federal 
aid  to  State  and  local  governments  in  1973 :  Three-tenths  of  one  per- 
cent of  Federal  aid  goes  for  R.  &  D.,  and  as  the  total  of  Federal  aid  has 
risen  since  1973  to  an  estimated  $55  billion  in  1976,  while  State  R.  &  D. 
expenditures  have  grown  little  if  at  all,  the  fraction  of  relative  Federal 
R.  &  D.  assistance  would  appear  to  be  nearly  microscopic. 

State  variations  in  the  level  and  intensity  of  R.  &  D.  expenditures 
are  striking.  As  the  NSF  analysis  points  out,  15  states  accounted  for 
about  three-fourths  of  total  state  R.  &  D.  expenditures  (including 
Federal  R.  &  D.  assistance) .  The  other  35  States  spent  the  remaining 
25  percent  of  the  R.  &  D.  funds.  The  distortion  is  worsened  by  the 
fact,  already  alluded  to,  that  two  States  accounted  for  36  percent  of 
total  R.  &  D.  expenditures.  XSF  also  points  out  that  13  of  the  top 
15  States  m  R.  &  D.  spending  ranked  among  the  highest  States  in 
population  and  personal  income.  This  clearly  suggests  that  taxing 
capacity,  combined  with  the  concentration  of  problems  which  grow 
out  of  impacted  urban  areas,  is  a  policy  factor  in  determining  the 
distribution  of  Federal/State  R.  &  D.  dollars.  As  for  where  the  R.  &  D. 
dollars  were  applied,  NSF's  tabulation  indicates  the  following  for 
1973: 

Millions 
Biological  sciences $83,  280 

Clinical  medical  sciences 38, 123 

Psychology , 18,  655 

Physical  sciences 7,  065 

Environmental  sciences 13,  851 

Mathematics  1,  860 

Engineering 30,  456 

Social  sciences 67, 145 

Other 3,  341 

Total 263.  778 

In  passing,  it  is  significant  that  the  National  Science  Foundation 
places  a  gentle  caveat  on  the  reliability  of  these  data,  observing  that 
they  are  limited  by  definitional  problems  at  the  state  level,  while 
the  trend  indicators  of  growth  could  be  hampered  by  prior 
underreporting.  Matters  are  not  helped  by  NSF's  neglect  of  surveys  of 
State  and  local  effort.  Such  surveys  should  be  made  at  least  at  3 -year 
intervals. 

T\Then  data  for  1974  become  available,  they  are  likely  to  show  a  hump 
in  State  government  R.  &  D.  spending,  attributable  to  the  energy 
crisis.  The  Energy  Staff  of  the  National  Governors  Conference,  sup- 
ported by  NSF  and  other  agencies,  operates  as  a  clearinghouse  for  the 
State  governments  and  maintains  a  computer  bank  of  information  on 
all  State  programs  and  policies  related  to  energy  matters.  According 
to  XGC  printouts,  the  States  funded  ^>~>  million  of  energy  R.  &  P.  in 
1974,  and  even  this  total  may  be  understated  for  reasons  of  misclassifi- 
cation.  Significantly,  this  total  represents  the  State's  own  funding,  and 
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not  federal  assistance  t<n-  R.  &  D.  The  breakdown  is  interesting  on 

several  counts.  One-half  of  the  outlays  went  for  R.  &  D.  on  coal,  with 
Kentucky  putting  up  $16  million  and  Illinois  $8  million.  The  next 
Largest  R.  &  D.  target  was  plant  siting  and  nuclear  power,  at  $8.1 
million  (half  of  the  total  coming  from  Maryland),  closely  followed  by 
energy-related  transportation  research  (s7.(>  million)  almost  all  of 
which  was  funded  by  the  State  of  New  York.  Taking  the  total  amount 
million)  reported  as  state  funding  for  energy  R.  &  I),  in  1974,  one 
finds  once  again  that  4  Stares  account  for  70  percent  of  the  outlays 
(Kentucky.  New  York,  Illinois  and  Maryland). 

The  overall  profile  of  state  government  R.  &  T).  expenditure  is,  on 
balance,  one  of  subscritical  effort  relative  to  comparative  benchmarks 
(total  State  government  expenditures,  steeply  rising  costs  of  govern- 
ment, total  federal  aid  to  states  and  cities,  and  gross  national  expendi- 
tures for  E.  &  I).).  It  also  reflects  a  skewed  distribution  of  investment 
effort  in  favor  of  a  minority  of  the  State  governments  which  enjoy 
relatively  strong  fiscal  capacity,  inferring  that  States  with  develop- 
mental needs  are  not  participating  significantly  in  R.  &  D.  The  richer 
States  benefit  from  R.  &  D..  while  the  less-favored  States  lag  behind. 
If  federal  R.  &  D.  policy  were  to  condition  financial  assistance  on  a 
requirement  for  multistate  diffusion  of  results  and  applications 
(R.  &  D.  sharing)  this  gap  might  be  reduced,  and  the  opportunities 
for  more  rapid  emulation  enhanced.  Here  a  presumption  is  made  that 
lateral  transfer  of  innovation  (state-to-state)  has  greater  potential 
than  vertical  transfer  (Federal-to-State) .  Pilot  experiments,  if  carried 
out  with  NSF  support,  could  test  the  validity  of  the  presumption. 

The  prospects  for  much  growth  in  State  government  expenditures 
for  R.  &  D.  are  not  good  in  the  near  term,  largely  because  of  con- 
straints on  both  Federal  and  State  budgets.  The  Federal  impulse  to 
combine  a  major  tax  reduction  with  an  equivalent  expenditure  cutback 
puts  all  discretionary  spending  at  risk,  including  general-purpose 
R.  &  D.  At  the  state  level,  according  to  the  Joint  Economic  Committee, 
20  States  will  enact  tax  increases  in  1975  while  22  states  will  make 
expenditure  reductions  amounting  to  nearly  $2  billion.  Broadly  speak- 
ing. R.  &  D.  is  attractive  to  governments  during  periods  of  economic 
growth  and  budget  surpluses,  while  conversely  R.  &  D.  cutbacks  are  a 
painless  target  for  economizing.  The  sensitivity  of  State  R.  &  D.  spend- 
ing to  the  barometer  of  federal  assistance  is  obviously  high  when  one- 
half  of  total  State  R.  &  D.  outlays  come  from  Federal  agencies.  More- 
over, the  financial  squeeze  affects  not  only  the  performance  of  R.  &  D. 
but  equally  the  availability  of  funds  for  applying  R.  &  D.  results,  so 
that  R.  &  D.  gets  it  coming  and  going.  Stranded  applications  of 
R.  &  D.  tend  to  obsolesce  on  the  shelf,  suggesting  strongly  that  the 
prior  expenditure  on  R.  &  D.  is  likely  to  produce  no  payoff. 

Local  Government  R.  &  D.  Spending 

The  last  time  that  local  governments  were  surveyed  by  NSF  for 
R.  &  D.  expenditures  was  for  I960,  and  one  is  obliged  to  rely  on  in- 
formed guesses  as  to  what  has  been  happening  since.  In  any  case,  the 
picture  is  not  overwhelming.  National  Science  Foundation  found  that 
in  1969  local  governments  spent  $40  million  on  R.  &  P.,  roughly  twice 
as  much  as  in  1006.  Half  of  the  money  came  from  Federal  agencies, 
and  13  percent  from  State  governments  and  other  sources.  The  effort 
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level  of  local  governments  therefore  dwindles  rapidly  from  an  ap- 
parent $10  million  to  a  more  realistic  $15  million  in  1960.  Even  if  the 
aggregate  estimates  of  $40  million  are  taken  at  face  value,  R.  &  I), 
accounts  for  less  than  one-tenth  of  one  percent  of  total  local 
ment  expenditures,  as  the  National  Science  Foundation  survey  pointed 
out.  If,  lacking  any  actual  data  for  the  years  since  1969,  we  assume 
another  doubling  of  aggregate  R.  &  D.  spending  by  local  governments, 
the  ratio  comes  out  about  the  same  since  total  local  government  ex- 
penditures have  risen  considerably  faster. 

As  was  the  case  with  State  governments,  the  distribution  of  R.  &  D. 
spending  at  the  local  government  level  is  anything  but  balanced.  In 
the  19G9  National  Science  Foundation  study,  out  of  147  reporting 
jurisdictions,  10  accounted  for  53  percent  of  total  R.  &  D.  outlays  while 
5  of  those  made  up  38  percent  of  the  total.  The  highest  spenders  were 
New  York  City,  Boston,  Philadelphia,  Los  Angeles  County,  Cook 
County,  Los  Angeles  City,  Baltimore,  Chicago,  the  Bexar  County 
(Texas)  Hospital  District,  and  the  Marion  County  (Indiana)  Health 
and  Hospital  District.  Beyond  these  10  local  governments,  the  flow  of 
R.  &  D.  funds  was  very  thinly  spread.  In  attempting  to  interpret  such 
indicators,  one  soon  reaches  the  conclusion  that  R.  &  D.  activity  in  local 
governments  reflects  variations  in  grantsmanship  skills  and  in  percep- 
tions of  local  officials  towards  the  relevancy,  or  lack  of  it,  of  R.  &  D. 
in  problem  solving.  However,  that  may  not  be  the  whole  story.  Other 
factors  probably  include  an  aversion  of  Federal  R.  &  D.  agencies  to 
making  grants  of  research  funds  to  local  governments  which  have  no 
track  record  in  the  R.  &  D.  business,  together  with  apprehensions  about 
accountability  for  fund  control  and  concern  as  well  as  to  rapid  turn- 
over of  local  elected  governments.  Finally,  Federal  agencies  have  had 
a  residual  sensitivity  to  bypassing  State  governments  to  deal  directly 
with  local  units  which  may  be  at  political  odds  with  State  legislatures. 
While  these  various  prejudices  are  now  out  of  date,  they  were  among 
the  barriers  to  Federal-local  R.  &  D.  relationships. 

If  more  recent  survey  data  were  available,  they  would  probably 
show  that  Federal  R.  &  D.  funds  have  accelerated  relative  to  local 
governments  since  the  1969  survey.  LEAA,  EPA,  and  ERDA  are  the 
most  likely  sources  of  these  increases,  together  with  XSF's  targeted 
funding  of  city  consortiums  and  scientific  advisers.  On  the  other  hand, 
the  fiscal  crunch  which  has  overtaken  many  local  governments  has  un- 
doubtedly led  to  curtailments  of  local  R.  &  D.  investment.  At  least  one 
case  in  point  involves  New  York  City,  which  wiped  out  its  long- 
standing multimillion  dollar  health  research  program  as  an  economy 
move.  In  its  1969  report.  National  Science  Foundation  cited  various 
"negative  influences"  affecting  the  level  of  R,  &  D.  activity  by  local 
governments,  including  inadequate  financial  resources,  lack  of  qualified 
scientific  personnel,  legal  rest  net  ions,  resistance  of  departmental  per- 
sonnel, and  lack  of  support  from  elected  officials.  Some  of  these  built-in 
barriers  have  become  more  permeable  since  1969.  however,  largely 
through  patient  and  low-key  work  by  the  National  Science  Foundation 
in  creating  capacity  in  local  governments.  Having  said  that,  the  fact 
remains  that  American  local  government  is  still  underdeveloped  coun- 
try for  R.  &  D.  and  at  least  a  decade  of  intensive  work  would  be  needed 
to  achieve  a  substantial  difference  in  local  government  effort  and 
capacity. 
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Putting  R.  &  D.  To  Work 

Despite  the  shortcomings  in  R.  &  D.  effort,  measured  by  research 
dollars,  local  governments  have  not  overlooked  the  utilization  of  sci- 
ence and  technology  in  their  program  operations.  The  National  Science 
Foundation's  last  survey  (NSF  71-6)  recited  a  wide  array  of  func- 
tional applications  of  R.  &  I),  by  local  governments,  with  an  apparent 
concentration  on  health  and  hospitals,  education,  sanitation,  and  police 
and  corrections.  The  allocation  of  dollars  varied  considerably  from 
one  functional  area  to  another,  however,  with  39  percent  going  to 
health  and  hospitals,  13  percent  to  education,  12  percent  to  sanitation, 
11  percent  to  police  and  corrections,  2  percent  to  natural  resources, 
and  less  than  1  percent  going  respectively  for  highways  and  welfare. 
The  latter  estimates  are  nationwide,  and  if  the  New  York  City  experi- 
ence with  the  RAND  Corporation  were  examined  in  contrast 'it  would 
appear  that  in  this  case  heavy  outlays  were  made  for  "managerial" 
R.  &  D.  focused  upon  operations  analysis  of  productivity  problems 
afflicting  basic  city  services  (fire,  police,  and  sanitation).  The  New 
York  experience  was  unique  in  another  way,  in  that  the  RAND  con- 
tingent was  set  up  with  a  direct  line  to  the  Mayor  through  the  Budget 
Director,  instead  of  at  the  disposal  of  the  line  departments  of  the  city 
government.  While  the  New  York  RAND  program  was  decidedly 
impressive  on  nearly  every  count,  and  produced  outstanding  policy 
alternatives  together  with  some  striking  applied  research  results,  its 
survival  capacity  hung  by  the  loose  thread  of  the  incumbent  mayor's 
personal  support  and  it  had  little  success  in  creating  a  supportive 
constituency  at  the  departmental  level.  As  the  mayor's  political 
strength  eroded,  RAND's  vulnerability  rose  proportionately  and  the 
institution  itself  became  a  local  issue.  If  there  was  a  strategic  mistake, 
it  was  in  assigning  a  high  profile  to  RAND  as  a  symbol  of  the  new- 
style  American  mayoralty. 

More  typical  were  the  R.  &  D.  outlays  administered  by  operating 
agencies  of  local  governments.  They  tended  to  grapple  with  the  tedious 
problems  of  service  quality  and  delivery.  According  to  the  National 
Science  Foundation,  a  county  in  Florida  took  the  R.  &  D.  approach 
to  developing  new  curriculums  in  science,  mathematics,  vocational 
subjects,  and  guidance.  The  New  York  City  Sanitation  Department 
went  in  for  R.  &  D.  on  containerization  and  building  design,  but  spent 
most  of  the  money  to  develop  a  shredder  for  "oversized"  waste.  In  the 
police  and  crime  areas,  typical  R.  &  D.  went  into  closed-circuit  TV 
to  transmit  fingerprints,  and  a  prototype  command  and  control  center. 
Since  the  1968-69  NSF  survey,  a  consortium  of  State-local  public  in- 
terest groups  have  formed  Public  Technology,  Incorporated  as  a  not- 
for-profit  catalyst  to  match  governmental  needs  with  responsive  sources 
of  information  or  R.  &  D.  capacity,  drawing  as  needed  on  Federal, 
industrial,  or  academic  know-how.  Here  one  glimpses  one  of  the  rare 
institutional  mechanisms  of  an  intergovernmental  character  in  the 
field  of  R.  &  D. :  The  State-county-municipal  consortium  furnishing 
legitimacy  to  PTI,  and  the  Federal  Government  (NSF,  of  course) 
providing  the  venture  capital.  The  PTI  performance  is  still  to  be 
evaluated,  but  it  has  thus  far  achieved  a  notable  acceptability  from  its 
State-local  clientele,  it  has  been  careful  to  steer  clear  of  promising  and 
claiming  too  much,  and  it  has  stuck  to  a  class  of  low-technology  prob- 
lems of  the  type  that  loeal  governments  universally  share  and  can  talk 
about  and  which  are  likely  to  have  affordable  if  not  showy  answers. 
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This  approach  is  one  that  the  cities  can  be  enthusiasts  for,  as  evidenced 
by  the  formation  of  the  Urban  Consortium  for  Technology  Initiatives 
which  includes  27  large  cities  and  6  large  counties — a  user-oriented 
system  which  has  NSF  front-end  funds.  Whether  PTI,  in  the  course 
of  time,  can  hang  in  there  long  enough  to  begin  to  assemble  aggregated 
market  demand  for  whole  classes  of  public  technology  remains  to  be 
seen,  but  the  potential  for  doing  it  is  real  enough.  The  contrast  witli 
New  York's  RAND  group  is  a  telling  one:  in  the  case  of  PTI  the 
staffing  is  predominantly  drawn  from  public  service  practitioners  who 
have  lived  and  suffered  in  State,  county,  and  local  governments,  and 
their  faces  and  credentials  are  recognizable  to  their  clients.  They  are 
not  the  smooth  young  men  speaking  in  equations  or  discussing  "de- 
cision trees"  when  they  drop  in  on  a  county  executive  to  talk  business, 
nor  do  they  ride  in  squad  cars  or  battalion  chief's  cars  with  clipboards 
on  their  laps  to  chart  inefficiencies  in  operations.  The  emphasis  is  on 
what  the  customer  wants,  not  on  what  is  good  for  him.  If  no  techno- 
logical revolution  at  the  State-local  level  ever  results  from  PTI's  ef- 
forts, the  chances  are  that  R.  &  D.  will  make  appreciable  gains  on  the 
accumulated  problems  of  basic  public  services,  including  the  problem 
of  productivity. 

The  State  Legislatures 

A  critical  aspect  of  intergovernmental  R.  &  D.  relations  concerns  the 
capacity  of  state  legislatures.  A  close  look  at  the  changing  output  of 
the  legislatures  will  show  clearly  that  during  the  last  five  years  the 
calendars  have  featured  a  sharp  rise  in  bills  dealing  with  scientific 
and  technical  problems.  From  a  standing  start,  the  legislatures  have 
valuted  into  an  arena  of  policy  controversy  and  uncertainty  with  no 
preparation  to  speak  of.  The  Federal  Government  has  been  largely  re- 
sponsible, as  it  has  spun  off  massive  legislative  and  regulatory  tasks  to 
the  States  as  implementing  instrumentalities.  A  1975  report  (Meeting 
the  Challenge)  by  the  National  Conference  of  State  Legislatures  car- 
ries a  list  of  23  examples  of  recent  Federal  legislation  delegating  re- 
sponsibility for  implementation  to  the  States,  including  the  Federal 
Coal  Mine  Safety  Act  Amendments  of  1965,  the  Natural  Gas  Pipeline 
Safety  Act  of  1968,  the  Clean  Air  Act  Amendments  of  1970,  the  Fed- 
eral Water  Pollution  Control  Act  Amendments  of  1972.  and  the  Safe 
Drinking  Water  Act  of  1974.  But  even  without  this  shower  of  Federal 
handoffs  the  State  legislatures  have  been  obliged  to  tackle  a  wide 
spectrum  of  scientific  and  technical  issues  which  have  confronted  them 
in  coastal  zone  management,  energy  facilities  siting,  weather  modifi- 
cation, public  health,  consumer  protection,  and  environmental  impact 
assessment.  It  is  an  overflowing  menu. 

While  the  Federal  Government  has  shown  some  awareness  of  the 
wide  gap  between  technological  workloads  and  legislative  capacity, 
it  has  not  done  very  much  about  it.  Only  the  National  Science  Founda- 
tion, with  its  very  modest  resources  for  intergovernmental  programs, 
has  been  sufficiently  concerned  to  enter  the  breach.  To  the  National 
Science  Foundation  goes  the  credit  for  advancing  seed  money  to  a 
handful  of  State  legislatures  for  demonstration  projects  in  equipping 
these  bodies  with  basic  analytic  staffs  with  the  capability  of  investi- 
gating scientific  and  technical  issues  which  bear  on  legislative  choices. 
According  to  the  NCSL  study  in  1975,  about  a  dozen  States  now  have 
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some  version  of  a  legislative  support  office  concerned  with  science  and 
technology.  The  strongest  arrangements  appear  to  be  the  California 
Assembly  Science  and  Technology  Advisory  Council  and  the  New 
York  Assembly  Scientific  Stall'  (created  in  1971  with  partial  National 
Science  Foundation  funding  and  now  supported  fully  by  the  legisla- 
ture). A  joint  executive-legislative  Science  Advisory  Office  operates  in 
Utah,  financed  by  the  State,  and  in  Massachusetts  in  1975  a  "Science 
v  etwork"  was  begun  with  National  Science  Foundation 
funds  to  serve  both  houses  of  the  legislature^  In  Arizona,  HEW  funds 
provided  for  a  Human  Resources  Services  Staffing  office  to  assist 
the  Legislature  in  the  human  resources  sector.  Similarly,  but  without 
Federal  seed  money,  a  Florida  Energy  Committee  serves  both  the 
executive  and  the  legislature,  while  funds  from  the  Robert  Wood 
Johnson  Foundation  provide  Joint  Health  Committees  servicing  nine 
State  legislatures.  Fragile  as  some  of  these  arrangements  appear  to  be, 
their  contributions  to  the  legislative  process  are  eye-opening.  M.  Frank 
man.  who  until  recently  was  the  moving  force  in  the  National 
Science  Foundation  in  pioneering  Federal-State  cooperation,  was  able 
,\  in  the  NCSL  report  that  the  New  York  Assembly  Scientific 
Stall'  "has  coordinated  numerous  studies  (funded  by  NSF,  state  pro- 
gram?, and  the  Assembly)  on  such  diverse  subjects  as  solid  waste  man- 
agement. Lake  Ontario  water  levels,  pesticide  monitoring,  high-speed 
ground  transportation,  and  standards  for  mobile  and  factory-pro- 
duced housing.  Partly  as  a  result  of  professional  society  meetings  with 
assemblymen  the  New  York  State  Assembly  passed  20  energy-related 
measures  during  the  1974  regular  session." 

To  stretch  its  limited  resources  and  obtain  leverage  on  the  situation 
in  the  legislatures,  the  National  Science  Foundation  has  since  1973 
given  modest  support  to  the  National  Conference  of  State  Legisla- 
tures to  mount  a  Science  and  Technology  Project  as  a  new  arm  of  the 
Conference.  This  project  operates,  with  a  very  small  staff,  as  a  network 
center  for  all  of  the  participating  state  legislatures  and,  in  a  limited 
way.  as  a  clearinghouse  of  information  under  the  title  "Model  Inter- 
state Scientific  and  Technical  Information  Clearinghouse  (MISTIC) ." 
As  the  time  approaches  for  withdrawal  of  NSF  support,  the  NCSL 
project  will  require  funding  from  NCSL  itself  if  it  is  to  continue. 
But  if  those  Federal  agencies  having  major  responsibilities  for  energy 
and  environmental  policy  expect  State  implementation  of  delegated 
authorities,  they  should  take  up  where  the  National  Science  Founda- 
tion leaves  off  and  provide  the  moderate  support  needed  to  capture 
and  extend  the  Federal  investment  already  made  in  capacity-building 
in  the  State  legislatures.  This  is  a  strategic  approach  in  intergovern- 
mental P.  &  D.  affairs  which  can  pay  off  impressively,  and  with  only 
a  small  investment  in  overhead  relative  to  the  massive  benefits  and 
costs  of  the  operating  programs. 

Policy  Management  in  the  States 

Turning  from  the  legislative  sector  to  the  State  executive  machinery, 
and  specifically  to  that  most  powerful  arm  of  the  executive — the 
Budget  Office — the  prospect  is  unbelievably  bleak  in  terms  of  capacity 
in  scientific  and  technical  fields.  As  a  class  of  administrative  officials, 


the  State  budget  officers  comprise  a  species  of  elite,  the  personification 
of  the  driving  force  for  the  modernization  of  the  public  machinery. 
Nevertheless,  one  can  search  the  State  budget  offices  in  vain  for  evi- 
dence of  an  urge  to  integrate  R.  &  D.  into  budgeting  and  planning. 
Few  budget  officers  have  any  interest  in  program  planning  for  R.  &  I)., 
and  rare  is  the  budget  officer  who  knows  what  R.  &  I),  funds  arc  being 
spent  in  his  State.  The  situation  has  been  captured  admirably  by  Don- 
ald Axelrod  of  the  State  University  of  New  York  at  Albany  in  the 
draft  of  a  paper  prepared  for  an  NSF-sponsored  workshop  at  the  1075 
meeting  of  the  National  Association  of  State  Budget  Officers,  and 
from  which  the  following  is  excerpted  : 

For  all  the  planning  activity  there  is  only  sporadic  and  fragmentary  attention 
in  individual  plans  and  budgets  to  the  use  of  research  and  technology  in  solving 
the  problems  of  the  States.  The  assessment  of  the  role  of  technology  is  simply 
not  an  integral  part  of  State  planning  and  budgeting  processes.  As  far  as  can  be 
ascertained,  no  mechanisms  have  been  developed  to  review  systematically  the  en- 
tire spectrum  of  State  programs  in  order  to  forecast  the  impact  of  technology  on 
these  programs,  to  identify  opportunities  for  the  effective  use  of  technology  in 
the  light  of  the  needs  of  the  State,  and,  on  a  priority  basis,  to  fund  and  apply  tech- 
nology in  the  solution  of  specific  problems.  Only  on  an  ad  hoc  basis,  and  primarily 
in  some  of  the  health  fields  and  in  the  use  of  computer  technology  have  the 
States  formulated  specific  criteria  to  guide  them  in  the  selection  of  appropriate 
technology.  There  appears  to  be  inadequate  recognition  of  the  need  in  program 
planning  for  a  systematic,  rigorous  and  balanced  assessment  of  the  costs,  bene- 
fits and  risks  of  alternative  technologies,  taking  into  account  social  and  economic 
consequences,  technical  and  economic  feasibility,  the  likelihood  of  achieving 
worthwhile  results  within  a  reasonable  time  and  the  overall  impact  on  human 
beings  and  the  physical  environment. 

The  foregoing  is  a  fair  statement  of  how  matters  stand  in  the  budget 
and  planning  machinery  of  the  States.  From  the  perspective  of  the 
budget  officers,  however,  the  scene  looks  different.  R.  &  D.  are  small 
potatoes  in  the  State  budget,  and  are  the  concerns  of  the  program 
agencies.  The  role  of  the  budget  officer  is  to  analyze  the  merits  of  budget 
requests  which  come  to  him,  and  to  defend  the  governor  against  be- 
ing sold  a  bill  of  goods  in  the  guise  of  science  and  technology.  It  is  also 
the  budget  officer's  business  to  advise  the  governor  and  the  agencies 
on  performance  criteria,  and  to  press  for  higher  productivity  and 
cost  savings. 

Science  and  technology,  or  more  accurately,  R.  &  D.,  do  not  appear 
to  the  State  budget  officers  to  be  strategic  tools  of  the  kind  that  a  gov- 
ernor needs  to  manage  the  official  business  of  the  State.  In  their  view, 
R.  &  D.  are  functions  embedded  in  program  requirements,  and  they 
are  taken  care  of  by  program  administration.  A  few  years  ago,  the 
writer  of  this  paper  asked  a  few  of  the  ablest  of  the  State  budget  officers 
how  they  would  utilize  a  hypothetical  ten  new  analysts  if  they  were 
given  the  chance,  and  in  no  case  would  they  have  given  priority  to 
strengthening  the  R.  &  D.  oversight  resources  of  their  offices.  The  writer 
later  met  with  NASBO  at  one  of  its  annual  meetings,  and  in  a 
plenary  session  asked  three  questions  of  the  assembled  budget  direc- 
tors. The  first  question  was  how  many  of  the  budget  officers  knew  what 
their  State  expenditures  for  R.  &  D.  were.  Not  one  hand  was  raised. 
The  second  question  was  how  many  could  iiot  the  information  if  given 
three  weeks  to  do  so.  A  single  hand  was  raised.  The  final  question  was 
how  many  thought  the  information  would  be  useful,  and  throe  hands 
went  up  hesitantly.  Clearly,  an  innovation  such  as  a  State  R.  &  D. 
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budget  plan  has  no  takers.  Equally  clearly,  R.  &  D.  is  not  a  subject  of 
much  conversation  among  budget  officers  across  State  lines,  nor  between 
the  budget  officers  and  the  Federal  OMB.  There  is  a  striking  disjunc- 
tion between  the  "State  of  the  State"  message  of  the  governors,  with 
their  emphasis  on  issues  of  health  and  energy  and  the  environment  and 
development,  and  the  budget  messages  with  their  emphasis  on  costs, 
efficiency,  and  taxes.  In  any  analysis  of  the  barriers  to  intergovern- 
mental R.  &  D.  relations,  the  indifference  of  the  States  budget  officers 
has  to  be  taken  seriously.  Their  role  in  the  changing  dynamics  of  inter- 
governmental relations  is  a  vital  and  central  one,  and  without  their 
participation  the  work  of  capacity-building  in  State  government  will 
go  slowly. 

The  point  of  this  discussion  is  not  that  State  budget  officers  are  a 
class  of  primitives  who  are  blind  to  the  values  of  R.  &  D.  The  argument 
is  one  of  roles  and  opportunities,  and  how  they  are  viewed  from  where 
budget  officers  sit.  Harold  A.  Hovey,  who  until  recently  served  as 
budget  director  in  Illinois,  said  to  the  NASBO  conferees  this  year  that 
the  "basic  question"  was  whether  the  central  management  agency 
should  take  a  "promotional  stance"  toward  science  and  technology. 
He  observed  that  the  question  had  to  be  considered  in  the  context  of  all 
the  other  things  that  such  an  office  promotes :  program  experimenta- 
tion, program  evaluation,  improved  management  systems,  better  in- 
formation systems,  improved  budgeting  and  financial  management 
systems,  etc.  Then  he  concluded  that  "in  the  context  of  these  other 
promotions,  I  do  not  feel  that  the  central  management  agency  needs 
to  take  a  strong  promotional  stance  for  science  and  technology.  Given 
the  fact  that  State  budgeting  agencies  do  not  run  line  agencies  and 
that  line  agencies  have  a  tendency  to  make  cost-cutting  technology  be 
cost-increasing  (e.g.,  computers  and  audio- visual  aids),  a  promotional 
stance  may  compromise  the  budget  function"  [emphasis  added].  That 
is  perhaps  what  it  comes  down  to.  R.  &  D.  is  suspected  in  all  budget 
offices  to  be  a  cost-push  type  of  expenditure :  once  the  results  of  R.  &  D. 
enter  the  budget  base  they  lift  the  level  of  base  costs  another  notch, 
and  the  promised  "savings"  never  quite  materialize.  This  image  of 
R.  &  D.  as  a  factor  in  conflict  with  cost  containment  rarely  comes  out 
in  the  open,  but  it  is  surely  very  close  to  the  surface  of  the  perceptions 
of  budget  controllers.  Though  they  will  not  openly  oppose  the  in- 
troduction of  new  technology,  they  will  hardly  become  its  champions. 
Advocacy  is  not  known  to  be  a  role  of  budget  officers  at  any  level  of 
government,  and  from  all  the  present  signs  the  States  are  not  about  to 
break  the  pattern  for  the  sake  of  intergovernmental  relations  in  R.  &  D. 

The  case  for  injecting  R.  &  D.  capability  into  State  budget  offices 
goes  beyond  the  issue  of  advocacy  or  "promotion."  It  goes  to  the  qual- 
ity of  decisionmaking.  If  a  State  legislature  can  profit  from  staff  capa- 
bilities in  examining  alternative  policy  choices  involving  science  or 
technology,  it  follows  that  the  budget  offices  (or  "central  management 
agencies")  have  no  less  need  and  as  much  potential  to  profit.  Certainly 
they  should  have  the  incentive.  A  generalist  staff  can  jud<re  whrtker 
the  experts  know  what  they  are  talking  about,  but  not  what.  If  a  gov- 
ernor wishes  to  go  beyond  his  line  agencies  to  find  independent  options, 
he  needs  the  Staff  capability  to  help  him  make  up  his  mind.  His  budget 
and  planning  office  should  provide  that  capability,  but  it  cannot  be 
forced  upon  officials  who  want  no  part  of  it. 
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Still,  when  the  incentives  are  present  the  States  and  the  Federal 
Government  can  get  together  on  R.  &  D.  for  policy  planning.  The 
prime  illustration  probably  is  the  "Texas  Energy  Advisory  Council 
Research  Project,"  established  by  the  Governor  to  develop  policy  op- 
tions and  recommendations  in  six  energy  areas  (1)  energy  supply  stim- 
ulation and  demand  conservation,  (2)  environmental  and  noneco- 
omic  issues,  (3)  legal  and  regulatory  problems,  (4)  State  11.  &  D. 
strategies,  (5)  transportation  technology  alternatives,  and  (6)  utiliza- 
tion of  results.  Between  1974  and  1975,  an  apparent  total  of  $1.3  mil- 
lion went  into  the  project,  of  which  $624,000  came  from  Nation  Science 
Foundation's  "Research  Applied  to  National  Needs"  program.  State 
agencies  put  in  $345,000,  universities  $280,000,  and  private  organiza- 
tions $60,000.  According  to  a  gratified  NSF,  the  project  has  paid  off 
handsomely,  with  five  major  pieces  of  State  legislation  enacted  (geo- 
thermal  production,  utilities  regulation,  mass  transit,  energy  efficiency 
labeling,  and  machinery  for  policy  management  and  coordination). 
NSF  also  reports  that  the  Texas  project  repoits  received  national 
attention  and  were  distributed  to  over  400  organizations  including 
State  agencies  in  11  States.  Seen  at  a  distance,  this  experience  suggests 
that  a  Federal-State  R.  &  D.  relationship  can  quickly  take  shape  and 
have  a  measurable  payoff  when  the  necessary  factors  come  into  con- 
vergence :  an  acute  state  need,  an  overriding  national  interest,  politi- 
cal sensitivity,  timing,  plentiful  funds,  and  a  readiness  to  utilize  re- 
sults. Crisis  is  always  a  powerful  motivator  for  R.  &  D.,  and  it  works  as 
well  in  intergovernmental  relations  as  in  their  absence,  particularly  if 
&  catalyst  such  as  a  RANN  program  is  available  and  on  its  toes. 

The  Limits  of  Technology  Transfer 

Intergovernmental  relations  in  R.  &  D.  are  complicated  enough 
without  the  added  myths  surrounding  them.  One  of  the  persistent 
myths  is  the  overselling  of  "technology  transfer"  as  a  panacea  for 
State  and  local  governments.  There  indeed  is  a  potential  for  sharing 
Federal  technology  with  other  units  of  government,  but  it  is  a  limited 
potential,  not  an  open-ended  one.  It  is  limited  by  an  array  of  factors : 
the  principal  one  consisting  of  the  fact  that  federal  technology  results 
from  Federal  agency  requirements,  not  from  those  of  State  and  local 
users.  Other  factors  include  the  "dumping"  mentality  of  federal  tech- 
nology transfer  organizations,  the  absence  of  competent  market  re- 
search as  a  prerequisite  to  technology  sharing,  differences  in  sophistica- 
tion between  sellers  and  users,  cost  barriers,  and  failures  to  recognize 
the  long  lead  times  involved  in  the  necessary  stages  of  technology 
modification  and  demonstration.  A  general  appraisal  of  the  accumu- 
lated experience  with  intergovernmental  technology  transfer  would 
reach  the  conclusion  that  it  has  been  disappointing  and  that  it  is  not 
likely  to  get  very  much  better  under  existing  premises  and  approaches. 
While  there  are  examples  of  successful  spinoff,  close  analysis  tends 
to  show  that  they  are  in  the  regions  of  low  and  intermediate  technology 
and  in  functional  areas  where  there  is  a  close  professional  affinity 
between  Federal  and  State-local  agencies,  notably  health,  highways, 
and  law  enforcement.  The  contrast  between  intergovernmental  tech- 
nology transfer  on  the  one  hand,  and  the  diffusion  of  innovation  in  the 
private  sector  on  the  other,  is  striking.  In  the  latter  case,  involving 
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normal  commerce  between  buyers  and  sellers,  the  innovation  is  em- 
bedded in  a  product  Or  process  and  the  method  of  transfer  or  diffusion 
is  the  sales  or  marketing  mechanism  which  provides  a  comparative 
choice  within  parameters  of  customer  preferences,  price  variances, 
and  competition.  The  problem  with  intergovernmental  technology 
transfer  is  that  government  does  not  pursue  innovation  for  the  same 
reasons  as  a  market  economy,  but  to  accomplish  some  assigned  mis- 
sion whose  objectives  have  nothing  to  do  with  innovation  per  se.  Spin- 
off in  innovation  is  an  afterthought,  not  a  forethought.  Moreover,  the 
Federal  technology  was  not  planned  or  designed  with  close  familiari- 
zation with  State  and  local  user  requirements.  To  finish  it  all  off,  the 
Federal  employees  who  are  charged  with  technology  transfer  seldom 
if  ever  have  the  skills  in  management  and  marketing  which  are  so 
central  to  the  diffusion  of  innovation  in  the  market  economy. 

Plainly,  State  and  local  governments  are  not  going  to  inherit  the 
earth  via  the  route  of  technology  transfer.  Throwing  Federal  tech- 
nology indiscriminately-  at  their  problems  will  onlv  make  their  situa- 
tion more  unmanageable.  "We  can  expect  a  steady  but  low  level  of  tech- 
nological diffusion  from  existing  practices  and  arrangements,  bol- 
stered by  such  catalysts  or  brokers  as  Public  Technology,  Inc.,  and  by 
some  gradual  enlightenment  of  Federal  marketing  techniques,  but  not 
much  more.  For  long-term  gains  in  intergovernmental  relations,  the 
technology  transfer  idea  will  have  to  be  restructured  to  base  Federal 
civilian  R.  &  D.  upon  joint  planning  and  design  with  state  and  local 
groups  who  will  be  participants  as  well  in  stage-by-stage  assessment 
of  R.  &  D.  performance  and  end-product  testing.  If  these  arrange- 
ments are  followed,  the  final  users  will  have  a  built-in  stake  in  eventual 
application  and  diffusion.  Otherwise,  they  will  remain  cold  customers. 

A  Neglected  Federal  Option 

One  of  the  conspicuously  missing  elements  in  the  intergovernmental 
relationships  of  R.  &  D.  is  the  network  of  Federal  laboratories  and 
research  centers.  The  term  "network"  unfortunately  is  itself  inac- 
curate, since  the  Federal  laboratories  exhibit  hardly  any  network 
characteristics.  We  have  a  vast  and  costly  array  of  these  facilities, 
created  largely  but  not  entirely  for  defense,  atomic  energy,  and  aero- 
space purposes.  They  number  in  the  high  hundreds,  employ  some  120,- 
000  trained  individuals,  and  are  scattered  across  32  States.  They  range 
from  large  and  sophisticated  R.  &  D.  centers  to  very  small  specialized 
laboratories  and  experimental  stations.  Their  aggregate  Budgetary 
costs  range  into  billions  of  dollars.  This  is  a  massive  scientific  and 
technical  enterprise  held  in  public  ownership  for  Federal  purposes. 
The  question  here  is  whether  a  sensible  intergovernmental  relations 
policy  for  research  and  development  should  not  provide  free  access 
to  those  advanced  R.  &  D.  centers  for  State  and  local  government:-. 
As  the  Nation's  domestic  priorities  focus  on  energy,  health,  natural 
resources,  and  governmental  productivity,  and  as  the  initial  objec- 
tives of  the  Federal  R.  &  D.  centers  assume  less  intensity  under  cur- 
rent international  policies,  the  case  for  a  multipurpose  reorientation 
of  these  facilities  grows  stronger.  If  the  State  and  local  governments 
generally  lag  in  scientific  and  technical  capacity,  as  appears  to  be 
the  case,  it  makes  considerable  sense  to  look  to  the  Federal  labora- 
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tories  as  backstopping  centers  for  R.  &  D.  support  and  technical 

assistance. 

This  argument  was  first  advanced  at  the  time  of  the  1972  Message 
on  Science  and  Technology  by  the  President,  and  small  gestures  were 
made  to  implement  it,  with  commensurately  small  enthusiasm.  With 
the  encouragement  of  National  Science  Foundation,  a  Department  of 
Defense  Laboratory  Consortium  was  informally  assembled  to  provide 
limited  technical  services  to  civilian  agencies  and  state-local  govern- 
ments. This  represents  the  only  network  in  existence,  comprising  25 
DOD  facilities,  and  subsequently  augmented  by  NASA  and 
civilian  agency  R.  &  D.  centers,  for  a  combined  array  of  about  50  facili- 
ties. Surveying  the  outputs,  one  finds  that  the  consortium  has  delivered 
technical  services  in  areas  of  mine  safety,  air  traffic  control,  passenger 
vehicle  safety,  medical  instrumentation,  fire  control,  law  enforcement, 
rehabilitation,  and  medical  diagnosis.  On  the  State  and  local  side, 
some  defense  laboratories  have  helped  with  joint  research  on  pollu- 
tion control  and  abatement.  While  the  performance  is  less  than  spectac- 
ular, it  is  enough  to  confirm  the  utility  of  laboratory  involvement  in 
State  and  locai  problem-solving.  It  has  not  been  enough,  however,  to 
stir  the  Federal  policymakers  into  action.  As  things  presently  stand, 
the  Federal  laboratory  consortium  is  breathing  hard  and  going  no- 
place. The  predicament  has  been  described  accurately  in  a  paper  by 
Sherman  Gee,  which  reads  in  part  as  follows : 

Although  there  is  room  for  an  expanded  DOD  effort,  there  exist  other  con- 
straining influences.  One  is  the  absence  of  incentives  on  the  part  of  DOD  labora- 
tory  managers  to  become  involved  in  technology  transfer  activities.  No  extra 
recognition  or  credit  can  be  expected,  and  only  the  personal  satisfaction  of  having 
helped  alleviate  some  of  our  social  ills  is  offered  *  *  *  Technology  transfer  is 
viewed  all  too  often  as  having  little  more  than  nuisance  value  to  the  busy 
line  manager  *  *  *  DOD  technology  transfer  to  date  has  been  oriented  mainly 
toward  other  Federal,  State,  and  local  government  institutions  as  potential 
technology  users,  with  insufficient  attention  to  industry.  This  *  *  *  stems  partially 
from  trying  to  avoid  situations  which  may  create  conflicts  of  interest  *  *  *  the 
transfer  of  public-owned  technology  to  the  private  sector  is  where  the  great 
promise  of  DOD  technology  transfer  lies. 

The  problem,  however,  is  not  only  missing  incentives.  Disincentives 
also  must  be  reckoned  with.  The  DOD-civil  agencies  consortium  has 
never  gotten  off  the  ground  because  it  has  been  restrained,  even  leashed, 
by  policy  rulings.  Current  DOD  policy  guidelines  read  this  way ; 

The  expenditure  of  in-house  effort  in  any  one  laboratory  shall  be  limited  to 
3  percent  of  professional  personnel  *  *  *  unless  express  approval  of  the  parent 
military  department  is  granted  to  exceed  this  limit. 

The  DOD  commitment  to  support  the  brokerage  function  at  the  National 
Science  Foundation  shall  not  exceed  2  man-years  per  year  through  fiscal  year 
1976,  subject  to  the  continued  willingness  of  the  Military  Departments  to  absorb 
the  costs. 

With  such  grudging  guidelines  as  those,  the  Federal  laboratories 
are  held  in  check  from  providing  the  technical  services  which  State 
and  local  governments  could  put  to  good  use.  Vast  Federal  lv.  &  1  >. 
centers  occupy  the  territory  of  the  States,  unable  to  contribute  t 
needs  of  the  host  governments  because  of  Federal  manpower  and 
budget  restrictions — and,  in  all  likelihood,  because  of  apprehension  of 
policymakers  that  congressional  fury  will  be  turned  on  them  if  the 
laboratories  are  caught  doing  something  that  has  not  been  formally 
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mixed.  So  Federal  policy  drifts,  and  a  superb  R.  &  D.  resource 
IS  withheld  from  intergovernmental  usage. 

This  writer  will  argue  that  the  issue  of  the  Federal  R.  &  D.  centers 
actually  goes  beyond  the  question  of  potential  benefits  to  State  and 
local  governments.  The  day  is  past  when  these  facilities  can  be  re- 
garded and  administered  as  a  balkanized  scatter  of  technical  enter- 
prises which  are  locked  into  the  frameworks  of  various  "owning" 
:es.  By  any  reasonable  standard  of  systems  management,  they 
should  be  assembled  into  a  unified  science  and  technology  system.  They 
constitute  a  rich  and  valuable  national  resource,  both  physical  and 
human,  and  it  is  in  this  light  that  they  deserve  to  be  integrated  into 
major  and  minor  networks  and  utilized  flexibly  under  a  single  man- 
agement system  for  a  variety  of  governmental  and  industrial  purposes. 
It  would  then  be  possible  to  have  clusters  of  laboratories  compete  with 
each  other  for  mission  assignments  and  to  produce  and  diffiuse  R,  &  L>. 
results.  They  could  engage  in  joint  R.  &  D.  with  industrial  organiza- 
tions and  State  or  local  governments,  and  some  of  the  R.  &  D.  centers 
could  be  spun  off  as  institutes  of  technology  which  could  stimulate 
regional  capacity-building  and  regional  development.  Indeed,  this 
pattern  has  been  used  in  Great  Britain  for  some  years,  notably  in  the 
case  of  the  primary  atomic  energy  laboratories  at  Harwell. 

If  this  prescription  finds  no  takers,  the  more  conservative  option 
remains.  This  is  the  option  of  legislation  to  legitimize  the  multipurpose 
use  of  Federal  R.  &  D.  centers  as  technical  assistance  facilities  for 
State  and  local  governments  and  to  authorize  them  to  engage  in  joint 
R.  &  D.  and  consultative  services  with  these  governments  as  an  explicit 
and  appropriate  form  of  intergovernmental  cooperation.  This  is  one 
of  the  few  immediate,  tangible,  and  sensible  steps  that  can  be  taken 
to  recognize  that  there  is  an  intergovernmental  dimension  to  research 
and  development. 

Conclusions 

Research  and  development  are,  at  the  present  time,  peripheral  as- 
pects of  intergovernmental  relations.  Trace  elements  of  the  massive 
Federal  involvement  in  science  and  technology  can  be  detected  in  the 
operations  of  State  and  local  governments,  and  patches  of  State  and 
local  awareness  and  activity  appear  here  and  there  as  exceptions  to 
the  general  picture  of  low  R.  &  D.  vitality.  Through  the  persistence  of 
the  Xational  Science. Foundation,  however,  the  institutional  capabil- 
ities of  State  and  local  government  for  coping  with  scientific  and 
technical  aspects  of  problems  of  choice  have  been  significantly 
upgraded. 

Where  to  go  from  here  is  the  tough  question.  Throwing  R.  &  D. 
dollars  at  State  and  local  governments  as  an  impulsive  act  of  faith 
cannot  be  justified  as  a  policy  choice.  The  flow  of  general  revenue 
sharing  has  turned  up  no  evidence  that  State  and  local  decisionmakers 
view  investment  in  R.  &  D.  as  a  priority  use  of  discretionary  revenues. 
The  managerial  capacity  of  most  State  and  local  governments  for 
planning  and  executing  R.  &  D.  are  not  such  as  to  inspire  high 
confidence. 

The  assumption  continues  to  be  workable,  however,  that  the  pyra- 
miding dilemmas  and  frustrations  of  State  and  local  government  can 
be  relieved  if  the  R.  &  D.  resources  of  the  Federal  Government  can  be 
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coupled  in  a  productive  way  with  the  State  and  local  users.  This  writer 
believes  that  if  process  is  emphasized  as  the  key  to  intergovernmental 
relations  in  R.  &  D.  a  productive  role  for  State  and  local  governments 
can  be  carefully  worked  out  over  time.  We  have  been  emphasizing  the 
wrong  things — R.  &  D.  as  a  self-fulfilling  prophecy,  Stale  and  local 
spending  on  R.  &  D.,  and  teclmology  transfer  as  a  species  of  Federal 
surplus  property  disposal.  We  do  not  have  much  to  show  for  it  to  dale, 
nor  any  reason  to  expect  better  results  in  the  future. 

If  the  objective  is  to  expedite  and  increase  the  diffusion  of  know-how 
and  technology  through  intergovernmental  arrangements,  some  bar- 
riers will  have  to  come  down  and  some  catalysts  be  provided.  One 
barrier  is  the  idea  that  "R.  &  D."  means  high  technology;  in  the  case 
of  State  and  local  government  it  is  more  likely  to  mean  low  or  inter- 
mediate teclmology.  A  second  barrier  is  the  sparse  representation  of 
State-local  operating  experience  in  Federal  R.  &  I),  agencies.  A  third 
is  the  lack  of  incentives  for  Federal  agencies  to  assign  strong  weights 
to  State  and  local  needs  and  preferences,  relative  to  Federal  mission 
requirements,  in  shaping  R.  &  D.  programs.  A  fourth  is  the  poor-to- 
moderate  capacity  of  many  State  and  local  governments  for  judging 
the  risks  and  benefits  of  applied  science  and  technology,  and  the  inade- 
quate resources  of  National  Science  Foundation  for  improving  their 
capacities.  And  a  fifth  barrier  is  the  resistance  at  the  Federal  level  to 
making  the  technical  services  of  its  laboratories  and  technology  centers 
generously  available  to  State  and  local  governments  for  joint  R.  &  D. 
and  problem  solving. 

In  the  long  run,  the  largest  benefits  of  Federal  R.  &  D.  will  result 
from  enabling  State  and  local  governments  to  exercise  meaningful 
leverage  on  the  Federal  Government's  outlays  for  R.  &  D.  in  the  civil 
areas.  If  this  is  going  to  happen,  a  process  must  be  introduced  which 
gives  the  States  and  localities  an  effective  voice  in  programing.  This 
requires  leadtimes  of  1  to  3  years,  and  even  longer  waiting  times  for 
the  results  to  be  evaluated  and  put  into  practice.  If  this  does  not  come 
as  good  news,  there  is  no  help  for  it.  R.  &  D.  have  time  cycles  which 
must  be  understood,  even  by  elected  officials  who  want  answers  in  time 
to  impress  the  voters.  Intergovernmental  relations  in  R.  &  D.  are 
different  from  other  kinds  of  intergovernmental  relations,  and  the 
reason  for  it  is  found  in  the  built-in  uncertainty  of  research  and  devel- 
opment. Perhaps  this  has  a  lot  to  do  with  the  unimpressive  perform- 
ance of  R.  &  D.  as  a  fast- response  remedy  to  social  problems.  Put  very 
simply,  R.  &  D.  comes  under  the  head  of  investment,  not  current 
expense.  By  leveraging  the  Federal  investment,  State  and  local  gov- 
ernments can  expect  deferred  but  potentially  high  yields. 

In  the  shorter  run,  intergovernmental  policy  strategies  should  em- 
phasize a  variety  of  catalysts  for  the  diffusion  of  R.  &  D.  into  and 
among  State  and  local  governments.  Primary  among  them  is  the 
strengthening  of  know-how  and  analytical  capacity  in  the  Governors' 
planning  offices  and  in  the  legislatures.  "Brokerage"  arrangements 
for  communication  and  the  matching  of  users  and  providers,  such  as 
the  Science  and  Technology  arm  of  the  National  Conference  of  Si  ate 
Legislatures,  regional  cooperative-consortiums  of  States  and  cities, 
and  PTI,  are  solid  candidates  for  further  support  and  diversification 
"with  the  role  of  the  National  Science  Foundation  being  augmented  by 
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ERDA,  EPA,  and  HEW.  The  potential  of  the  Federal  R.  A  D.  centers 
ttalysts  for  technical  assistance  should  be  recognized  and  legit- 
imized as  a  strong  and  geographically  dispersed  capacity  in-being  for 
•nal  public  service.  Taken  together,  these  combined  actions  would 
Stitute  a  pragmatic  and  low-cost  start  towards  assembling  the  ele- 
ments oi  an  intergovernmental  relations  strategy  for  B.  &  D. 


FEDERAL  SUPPORT  OF  R.  &  D.  ACTIVITIES  IN  THE 
PRIVATE  SECTOR 

By  Edwin  Mansfield 

1.  Introduction 

This  paper,  prepared  for  the  Congressional  Research  Service  at  the 
request  of  the  Joint  Economic  Committee  of  the  Congress,  is  con- 
cerned with  the  following  questions:  To  what  extent  does  the  Fed- 
eral Government  support  research  and  development  (R.  &  D.)  in 
the  private  sector  ?  How  is  this  support  distributed  among  industries, 
universities,  research  centers,  and  other  organizations?  What  incen- 
tives are  there  for  private  recipients  to  control  costs  or  improve  the 
efficiency  of  federally  funded  R.  &  D.  activities?  Why  is  support  of 
this  kind  regarded  as  being  in  the  public  interest  ?  What  measurement's 
have  been  made  of  the  social  benefits  of  additional  investments  in 
R.  &  D.,  both  in  agriculture  and  industry  ?  Is  there  any  evidence  of 
an  under-investment  in  particular  types  of  civilian  technology  ?  What 
mechanisms  of  government  support  have  been  used  in  other  coun- 
tries, such  as  Japan,  France,  and  the  United  Kingdom?  In  the  United 
States,  what  are  the  major  advantages  and  disadvantages  associated 
with  each  of  the  mechanisms  for  Federal  support  of  private  sector 
R.  &  D.  ?  What  are  some  possible  approaches  to  improving  the  effective- 
ness of  Federal  programs  in  support  of  R.  &  D.  in  the  private  sector? 

Needless  to  say,  we  shall  have  to  treat  many  of  these  questions 
rather  cursorily  in  order  to  keep  the  paper  to  a  reasonable  size.  For 
those  who  want  to  pursue  some  points  or  issues  in  more  detail,  a  rather 
lengthy  set  of  references  is  included.  Also,  to  prevent  confusion,  it  is 
important  to  define  at  the  outset  what  we  mean  by  "research  and  de- 
velopment'^ and  by  "the  private  sector."  The  National  Science  Founda- 
tion's definition  of  research  and  development  is  used  here.  National 
Science  Foundation  includes  basic  research,  applied  research,  and 
development  as  parts  of  research  and  development.  Basic  research 
is  defined  as  "projects  which  represent  original  investigation  for  the 
advancement  of  scientific  knowledge  and  which  do  not  have  specific 
commercial  objectives  *  *  *."1  Applied  research  includes  "projects 
which  represent  investigation  directed  to  discovery  of  new  scientific 
knowledge  and  which  have  specific  commercial  objectives  with  respect 
to  either  products  or  processes."2  Development  includes  "technical 
activity  concerned  with  nonroutine  problems  which  are  encountered  in 
translating  research  findings  or  other  general  scientific  knowledge  into 
products  or  processes.  It  does  not  include  routine  technical  services 
to  customers  *  *  *  [or  quality  control,  routine  product  testing,  mar- 
ket research,  sales  promotion,* or  sales  service].'?"  As  i\w  the  private 

]  See  National  Science  Foundation,  Methodology  of  Statistics  on  Research  and  Develop- 
ment, 19o9,  p.  124. 
2 Ihid. 
*  Ibid. 
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sector,  wo  regard  all  privately  owned  firms  and  nonprofit  organiza- 
tions as  belonging  to  the  private  sector.  However,  we  recognize  that 

some  such  firms  and  organizations  do  a  heavy  volume  of  business  with 
the  government  and  are  so  closely  linked  with  government  agencies 
that  the  distinction  between  the  private  sector  and  the  public  sector 
can  be  somewhat  blurred. 

2.  Federal  Contracts  and  Grants  for  Research  axd  Development 

To  begin  with,  we  must  look  briefly  at  the  present  extent  and  pat- 
tern of  Federal  support  of  R.  &  1).  activities  in  the  private  sector.  An 
important  part  of  this  support  is  encompassed  by  Federal  contracts 
and  grants  for  research  and  development.  As  shown  in  table  1.  total 
expenditures  in  the  United  States  for  R.  &  D.  were  about  $32  billion 
in  1974,  of  which  about  SIT  billion  were  financed  by  the  Federal  Gov- 
ernment. Thus,  about  53  percent  of  our  Nation's  R.  &  D.  expendi- 
tures were  financed  by  the  Federal  Government  in  1074.  and  much  of 
this  federally  financed  R.  &  I),  was  carried  out  by  the  private  sector.  As 
shown  in  table  1,  government  laboratories  carried  out  only  about  30 
percent  of  federally  financed  R.  &  D.  About  50  percent  of  federally 
financed  R.  &  D.  was  carried  out  by  industry. 

Federal  R.  &  D.  expenditures  are  concentrated  heavily  in  a  relatively 
few  areas.  In  1972,  as  shown  in  table  2.  almost  $9  billion  was  spent  on 
defense  R.  &  D.,  and  almost  $3  billion  was  spent  on  space  R.  &  D» 
Health  R.  &  D.  accounted  for  about  $1.4  billion,  and  energy  R.  &  D. 
accounted  for  about  $0.4  billion.  Other  areas  where  significant  amounts 
of  federally  financed  R.  &  D.  took  place  were  environmental  protec- 
tion, transportation,  agriculture,  and  education.  A  considerable/ 
amount  was  spent  by  the  Federal  Government  on  the  general  advance- 
ment of  science  and  technology.  Despite  the  fact  that  defense  and  space 
R.  &  D.  were  a  smaller  percentage  of  total  federally  financed  R.  &  D. 
than  they  were  a  decade  before,  they  still  constituted  about  70  per- 
cent of  the  total. 

i  The  extent  to  which  various  Federal  agencies  perform  R.  &  D.  out- 
side government  laboratories  differs  considerably.  As  shown  in  table 

3,  the  Department  of  Defense  performs  about  one- fourth  of  its  R.  &  D. 
in  government  laboratories:  most  of  the  remainder  is  performed  by 
industrial  firms.  Similarly,  NASA  performs  about  one-quarter  of  its 
R.  &  D.  in  government  laboratories ;  the  rest  is  performed  largely  by 
industrial  firms.  On  the  other  hand,  the  AEC  (now  ERDA)  per- 
formed the  bulk  of  its  R.  &  D.  in  federally  funded  research  and  de- 
velopment centers  (like  Oak  Ridge,  Sandia.  Brookhaven,  and  Los 
Alamos),  some  of  which  are  administered  by  firms,  some  by  universi- 
ties. And  other  agencies,  like  the  Department  of  Agriculture  and 
the  Department  of  Commerce,  perform  most  of  their  R.  &  D.  in  their 
own  laboratories. 

There  are  also  very  substantial  differences  among  industries  in  the 
extent  to  which  the  R.  &  D.  that  they  perform  is  financed  by  the  Fed- 
eral Government.  As  shown  in  table  4,  in  1973  the  Federal  Govern- 
ment financed  about  80  percent  of  the  R.  &  D.  in  the  aircraft  industry, 
about  50  percent  of  the  R.  &  D.  in  the  electrical  equipment  industry, 
and  about  20  percent  of  the  R.  &  D.  in  the  instruments  industries. 
These  are  the  industries  where  the  largest  share  of  the  R.  &  D.  per- 
formance is  federally  financed.  On  the  other  hand,  in  the  chemical, 
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petroleum,  drug,  rubber,  primary  metals,  and  food  industries,  among 
others,  the  percentage  of  K.  &  D.  performance  that  is  federally  fi- 
nanced is  much  smaller.  Thus,  just  as  federally  financed  R.  &  D.  is  con- 
centrated in  a  few  areas,  so  federally  financed  II.  &  D.  tends  to  be  con- 
centrated in  a  relatively  few  industries. 

TABLE  1.— SOURCES  OF  RESEARCH  AND  DEVELOPMENT  FUNDS  AND  PERFORMERS  OF  RESEARCH  AND 
DEVELOPMENT  BY  SECTOR,  UNITED  STATES,  1974 

[In  millions  of  dollars] 


Research  and  Development  performance 


Source  of  R.  &  D.  funds 


Federal 
Government 

Industry 

Colleges 

and 

universities 

Other 

nonprofit 

organizations 

Total 

4,  900 

l  8,  320 
13,  700 

i  2,  883 
96 
683 
211 

1852 
120 

280* 

16,955 

13,916 
683 

491 

Federal  Government 

Industry 

College   and  universities 

Other  nonprofit  organizations 

Total 22,020 


3,873 


1,252 


32,  045 


1  Includes  associated  federally  funded  research  and  development  centers.  According  to  the  National 
Science  Foundation,  such  centers  accounted  for  about  $600,000,000  of  Federal  R.  &  D.  obligations  administered 
by  industry,  about  $800,000,000  of  Federal  R.  &  D.  obligations  administered  by  colleges  and  universities,  and 
about  $200,000,000  of  Federal  R.  &  D.  obligations  administered  by  other  nonprofit  organizations. 

Source:  National  Science  Foundation,  "National  Patterns  of  R.  &  D.  Resources,"  Washington,  1975. 

TABLE  2.—  FEDERAL  RESEARCH  AND  DEVELOPMENT  EXPENDITURES  FOR  SELECTED  FUNCTIONS,  1965 

1970  AND  1972 


[In  millions  of  dollars] 


Function 


1965 


1970 


1972 


National  defense 

Space. 

Health.... 

Advancement  of  science  and  technology. 

Environment- 

Transportation 

Energy  conversion  and  development 

Agriculture 

Economic  security 

Education 


7,179 

8,067 

8,703 

4,638 

3,597 

2,960 

663 

1,164 

1,387 

372 

590 

705 

213 

370 

509 

198 

451 

607 

281 

341 

405 

169 

239 

288 

42 

144 

154 

19 

94 

126 

Source:  "Science  Indicators,"  National  Science  Foundation,  1973. 

TABLE  3.-FEDERAL  OBLIGATIONS  FOR  RESEARCH  AND  DEVELOPMENT  IN  MAJOR  AGENCIES,  BY  PERFORMER 

FISCAL  YEAR  1973  I 

[In  millions  of  dollars] 


Agency 


Intramural 


Industrial     Colleges  and 
firms       universities 


Total 


Department  of  Agriculture 248 

Department  of  Commerce 123 

Department  of  Defense 2,421 

Department  of  Health,  Education,  and  Welfare 370 

Department  of  the  Interior 142 

Department  of  Transportation 118 

Atomic  Energy  Commission  -... 16 

National  Aeronautics  and  Space  Administration 899 

National  Science  Foundation 20 

Total 4,598 


2 

90 

361 

51 

42 

228 

734 

219 

8,774 

94 

1,002 

1,957 

64 

30 

256 

185 

20 

381 

238 

89 

»  1,375 

077 

130 

3,275 

6 

435 

526 

8,683 


2,126 


17,791 


>  These  figures  were  estimated  in  late  1972. 
»  Now  Energy  Research  and  Development  Administration^ 

«  Almost  $1,000,000,000  was  spent  in  federally  financed  research  and  development  centers  administered  by  firms  or 
universities. 

Source:  "Federal  Funds  for  Research,  Development,  and  Other  Scientific  Activities,"  National  Science  Foundation. 
1972. 


2R8 

2 

270 

C3 

1 

64 

A 

(') 

55 

1 

198 

940 

191 

1,130 

(') 

(') 

618 

(') 

8 

320 

490 

14 

504 

Z51 

33 

285 

173 

3 

176 

262 

11 

273 

255 

12 

267 

1,806 

334 

2,141 

2,678 

2,6t>2 

5,330 

2,035 

402 

2,437 

1,090 

3,961 

5,  051 

721 

176 

896 

88 

TABLE  4.--FUNDS  FOR  RESEARCH  AND  DEVELOPMENT  PERFORMANCE,  BY  INDUSTRY  AND  SOURCE,  1973 

|ln  millions  of  dollars] 

Industry  Ferienlly 

Industry  financed  financed  Total 

nd  kindred  products 

7e  t  les  and  spparel 

Lumber  antf  furniture. 

Paper  and  ailed  products 

chemicals 

1)1  S 

Other  chemical 

Petroleum  refin.ng  and  extraction - 

Rubber  products 

Stone,  clay,  and  glass  products - 

v  metals 

Fabricated  metal  products 

Machinery 

'•pment  and  communication 

Motor  vehicles 

missiles. 

onal  and  scientific  instruments.. 

'  Not  separately  available  but  included  in  total. 

Source:  Science  Resources  Studies  Highlights,  National  Science  Foundation,  Dec.  4, 1974. 

Turning  from  industry  to  the  universities,  it  is  also  clear  from  table 
1  that  our  Nation's  colleges  and  universities  are  heavily  dependent 
upon  the  Federal  Government  for  R.  &  D.  funds.  About  threes-fourths 
of  the  R.  &  D.  carried  out  by  the  colleges  and  universities  is  financed 
by  the  Federal  Government.  The  leading  source  of  these  funds  is  the 
Department  of  Health,  Education,  and  Welfare.  Table  5  shows  the 
40  universities  that  received  the  most  Federal  obligations  for  R.  &  I). 
in  1973,  and  the  amount  each  received.  As  would  be  expected,  the 
leading  research-oriented  universities,  such  as  MIT,  Harvard,  Berke- 
ley, Michigan,  and  Stanford,  tend  to  rank  among  the  highest.  In  1973, 
the  100  universities  and  colleges  at  the  top  of  this  list  received  about 
85  percent  of  the  total  Federal  obligations  to  colleges  and  universities. 
Since  the  mid-1960's,  there  has  been  some  pressure  to  allocate  such 
funds  more  evenly. 

3.  Federal  R.  &  D.  Contracts  and  Grants  :  Rationale  and  Incen- 
tives for  Efficiency 

Given  that  Federal  R.  &  D.  contracts  and  grants  to  the  private  sec- 
tor amount  to  over  $12  billion  per  year,  it  obviously  is  important  that 
we  consider  the  reasons  why  support  of  this  kind  is  in  the  public  inter- 
est. The  rationale  for  such  support  varies  from  one  area  of  support  to 
another.  Manv  of  the  areas  characterized  bv  relatively  large  amounts 
of  federally  financed  R.  &  D.  are  intended  to  provide  new  or  improved 
technology  for  public  sector  functions.  National  security  and  space 
explon  ion,  for  example,  are  public  goods — goods  where  it  is  ineffi- 
ci<  ut  (and  often  impossible)  to  deny  their  benefits  to  a  citizen  who  is 
unwilling  to  pay  the  price.  For  such  goods,  the  Government  is  the  sole 
or  principal  purchaser  of  the  equipment  used  to  produce  them:  and 
it  has  the  primary  responsibility  for  their  production,  it  must 
also  ti  rimary  responsibility  for  the  promotion  of  technological 

ge  in  relevant  areas.  Even  though  much  of  the  R,  &  D.  of  this  type 
is  performed  bv  the  private  sertor,  it  is  important  to  note  that  the. 
primary  objective  of  this  R.  &  D.  is  not  to  promote  technological 
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change  in  the  private  sector  bul  in  <  be  public  sector.  All  hough  the 
unquesf  ionably  some  beneficial  spillover,  the  benefits  to  the  private  s    •- 
tor  seem  decidedly  less  than  ii*  the  funds  were  spent  direct  ly  on  private 
sector  problems.4 


Table  r>. 


-Total  Federal  obligations  for  R.  &  D.  to  the  \0  universitu  8  and  colleges 
receiving  the  largest  amounts,  WIS  ' 


Rank  and  university  Millions 

MIT $114 

University  of  California,  San 

Diego    

Stanford  

Harvard 

University  of  Washington 

University  of  Wisconsin, 

Madison 

UCLA 

Berkeley 

Columbia 

Michigan   

Johns  Hopkins 

Minnesota   

Cornell 

Chicago    

Yale - 

Pennsylvania 

University  of  Illinois, 

Urbana  

NYU   

Washington  University 

Ohio    State 


49 
46 
46 
45 

44 
44 
41 
41 
37 
35 
32 
31 
31 
30 
29 

28 
25 
23 
22 


?,1 

Rank  and  university                 Mill 

IS*1 

iona 

22 

University  of  California,  San 
Francisco 

?3 

Colorado 

..i 

"4 

Duke 

25 

9fi 

Rochester 

Yeshiva        _ 

19 

27 

Cal  Tech 

Purdue 

18 

29 
30 
31 

University  of  Miami 

University  of  Texas,  Austin _ 
University      of      California, 
Davis    _  _ 

18 
16 

1<V 

?>?, 

Utah                _          

1(J 

33 
34 
35 

Pittsburgh 

Penn   State 

UNC   _               _ 

16 

16 
15 

36 

Bavlor  _  _              _ 

15 

37 

Iowa     _ 

14 

38 

Case-Western           _     _  _     _ 

14 

39 

40 

Northwestern   

Hawaii 

14 

1 

2 

3 
4 
5 
6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 

20 

1  Of  course,  not  all  of  these  universities  and  colleges  are  in  the  private  sector.  According 
to  the  National  Science  Foundation,  about  40  percent  of  total  Federal  obligations  went 
to  private  colleges  and  universities. 

Source  :  National  Science  Foundation.  Federal  Support  to  Universities,  Colleges,  and 
Selected  Nonprofit  Organizations,  Washington,  1975. 

In  other  cases,  the  rationale  for  larg-e  federally  financed  R.  &  D.  ex- 
penditures is  some  form  of  market  failure.  In  the  case  of  energy,  for 
example,  it  has  been  claimed  that  the  social  returns  from  energy 
R.  &  D.  exceed  the  private  returns  because  of  the  difficulties  faced  by 
a  firm  in  appropriating  the  social  benefits  from  its  R.  &  I).  Also,  it  lias 
been  argued  that  risk  aversion  on  the  part  of  firms  may  lead  to  an 
under-investment  (from  society's  point  of  view)  in  R.  & '  D.  Further, 
the  availability  of  energy  is  frequently  linked  to  our  national  security.5 
In  the  case  of  agriculture,  the  fact  that  farms  are  relatively  small  pro- 
ductive units  has  been  used  to  justify  federally  financed  R.  &  I).  The 
argument  that  farms  are  too  small  to  engage  in  an  efficient  R.  &  D. 
effort  certainly  was  more  compelling  when  there  were  fewer  and 
smaller  industries  supplying  agriculture.  But  according  to  many  ex- 
perts, there  still  seem  to  be  important  aspects  of  farming  that  are  not 
reflected  in  obvious  markets  for  these  suppliers. 

Finally,  as  we  saw  in  table  2,  some  federally  financed  R.  &  D.  is 
directed  toward  the  general  advance  of  science  and  technology.  Such 
expenditures  seem  justified  because  the  private  sector  will  almost  cer- 
tainly invest  less  than  is  socially  optimal  in  basic  research.  Til 

*  See  Mansfield  [25],  pp.  224-2S.  Mathematica  [M]  has  carried  out  a  studv  based  on 
the  sort  of  techniques  discussed  In  section  6  (nud  illustrated  in  figure  1)  to  estimate  the 
returns  to  the  civilian  economy  from  several  NASA  innovations.  The  results  Indicate  that 
these  innovations  resulted  in  benefits  to  the  civilian  economy  amounting  to  about  $7  billion 

QFor  example,  see  Tllton  [80].  * 
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because  the  results  of  such  research  are  unpredictable  and  usually  of 
little  direct  value  to  the  firm  supporting  the  research,  although  poten- 
tially of  great  value  to  society  as  a  whole.  In  other  words,  basic  scien- 
tific information  has  many  of  the  characteristics  of  a  public  good.8 

Incentives  for  efficiency 

"We  shall  return  to  the  question  of  the  rationale  for  Federal  support 
of  R.  &  D.  in  the  private  sector:  but  for  now,  we  turn  our  attention  to 
the  incentives  for  efficiency  and  cost  reduction  in  federally  financed 
R.  &  D.  In  a  free  enterprise  economy,  there  are  important  incentives 
for  efficiency,  one  of  the  most  important  being  that  a  firm  can  increase 
its  profits  (or  reduce  its  losses)  by  reducing  its  costs.  In  other  words, 
since  firms  under  normal  market  conditions  use  fixed  price  contracts, 
increased  efficiency  means  increased  profit.  Unfortunately,  such  incen- 
tives, which  are  so  important  in  most  areas  of  the  economy,  cannot  be 
transferred  at  all  easily  to  research  and  development,  because  R.  &  D. 
is  so  risky  that  fixed  price  contracts  are  generally  not  feasible.  It  is 
very  difficult  to  establish  a  contract  whereby  the  contractor  agrees  to 
obtain  a  certain  quantum  of  information  or  to  develop  a  certain  prod- 
uct or  process  for  a  fixed  price,  because  it  is  so  difficult  for  the  con- 
tractor to  estimate  how  much  it  will  cost  to  achieve  this  result.  Thus, 
many  government  contracts  for  research  and  development  are  basically 
geared  to  reimburse  the  contractor  for  whatever  his  costs  turn  out  to  be 
(within  reason)  to  achieve  the  desired  result.  As  is  well  known,  these 
costs  often  tend  to  be  much  higher  than  are  initially  estimated.  Alter- 
natively, for  some  types  of  R.  &  D.,  a  certain  contract  amount  is 
stipulated,  and  the  contractor  is  expected  to  achieve  as  much  as  he  can 
with  that  amount.  In  either  case,  the  incentives  for  reducing  costs  un- 
doubtedly are  less  than  they  would  be  if  a  fixed  price  contract  of  the 
ordinary  sort  were  feasible. 

However,  this  does  not  mean  that  there  are  no  incentives  for 
efficiency.  In  particular,  if  the  award  of  new  contracts  is  known  to 
depend,  at  least  in  considerable  part,  on  past  performance,  this  can 
be  a  very  important  incentive.  But  for  this  incentive  to  operate,  at 
least  two  conditions  must  be  met.  First,  the  contracting  government 
agency  must  be  in  a  position  to  judge  the  contractors  performance 
reasonably  well.  Clearly,  this  is  not  as  easy  as  it  may  seem,  since 
apparent  failure  may  be  due  as  much  to  luck  as  to  lack  of  skill,  and 
since  the  product  of  a  research  project  may  be  difficult  even  for  leading 
experts  to  evaluate.  Second,  there  must  be  a  reasonable  amount  of 
competition  among  potential  contractors.  If  the  Government  allows 
itself  to  get  locked  in  to  particular  contractors,  this  incentive  cannot 
operate  at  all  well.  Based  on  the  studies  at  RAND,7  by  Peck  and 
Scherer.8  and  by  others,  the  problem  of  creating  adequate  incentives 
for  efficiency  in  government  funded  R.  &  D.  carried  out  in  the  private 
sector  is  very  real  and  very  difficult  to  solve  in  anything  other  than 
a  very  approximate  way.  Certainly,  however,  the  Government  should 
make  sure  that  reasonably  objective  and  unbiased  judgments  are  made 
of  contractor  and  grantee  performance  and  that  competition  is  en- 


e  Spp  Arrow  [1]  and  Nelson  T431. 

*  For  example,  see  Klein  [22]  and  Marschak,  Glennan,  and  Summers  [32]. 

•See  [52]. 
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jouraged  wherever  possible.  Although  these  steps  will  not  solve  the 
problem,  they  will  certainly  be  a  slop  in  the  right  direction.9 

4.  Patents,  Tax  Incentives,  and  Other  Existing  Policy 
Instruments 

Federal  contracts  and  grants  for  R.  &  D.  are  by  no  means  the 
only  way  in  which  the  Federal  Government  currently  supports  R.  &  1 ). 
activities  in  the  private  sector.  In  this  section,  we  provide  a  brief 
(and  necessarily  sketchy)  description  of  some  of  the  other  important 
ways  that  the  Federal  Government  provides  such  support. 

The  Patent  System 

The  U.S.  patent  laws  grant  an  inventor  exclusive  control  over  the 
use  of  his  invention  for  17  years,  in  exchange  for  his  making  the 
invention  public  knowledge.  Proponents  of  the  patent  system  argue 
that  these  laws  are  an  important  incentive  for  invention,  inno- 
vation, and  early  disclosure  of  new  technology.  Critics  of  the  patent 
system  stress  the  social  costs  arising  from  monopoly  and  question 
the  importance  of  patents  as  an  incentive  in  many  parts  of  the  modern 
economy.  Few  critics,  however,  would  go  so  far  as  to  say  that  the 
patent  system  does  not  encourage  additional  E.  &  D.  in  at  least  some 
parts  of  our  economy.10 

Taos  Laws 

The  tax  laws  provide  some  stimulus  for  private  R.  &  D.  If  the 
tax  treatment  of  investment  in  plant  and  equipment  and  in  R.  &  D. 
were  neutral  in  terms  of  its  effects  on  incentives,  R.  &  D.  would  be 
classified  as  a  capital  investment,  and  depreciated  over  its  useful 
life.  Instead,  our  tax  laws  allow  R.  &  D.  expenditures  to  be  treated 
as  current  expenses,  which  means  that  they  are  made  more  profitable 
relative  to  other  forms  of  investment.  Another  provision  of  the  In- 
ternal Revenue  Code  allows  the  sale  of  patents  to  be  taxed  at  capital 
gains  rates  (which  generally  are  lower  than  ordinary  rates),  even 
if  the  person  is  a  professional  inventor  and  in  the  business  of  making 
and  selling  patentable  inventions.11 

Regulation 

Some  aspects  of  Federal  regulation  seem  to  encourage  R.  &  In- 
activities in  the  private  sector.  For  example,  with  regard  to  the  air- 
lines, it  has  frequently  been  concluded  that  attempts  to  keep  prices 
above  the  competitive  equilibrium  level  have  resulted  in  a  high  rate, 
perhaps  too  high  a  rate,  of  technological  change  and  innovation.  Ob- 
viously, however,  this  is  not  true  of  all  regulated  industries.  For 
example,  in  the  railroad  industry,  it  is  frequently  claimed  that  regu- 
lation has  dampened  research  and  innovation,  e.g..  in  the  case  of  the 
Big  John  covered  hopper  grain  cars.  Despite  recent  studies  of  the 
Averch-Johnson  effect,  regulatory  lag.  and  a  variety  of  other  relevant 

»But  the  competition  obviously  should  be  re&l,  not  just  a  facade.  The  encouragement  of 
many  proposals  that  have  no  chance  of  being  accepted  to  give  the  appearance  of  compe- 
tition morelv  results  In  additional  social  waste.  See  [28]. 

v'Sre  Mnrkham  [31]  and  Scherer  [56].  For  a  British  study,  see  C.  Taylor  and  Z.  811- 
bcrston   The  Economic  Effects  of  the  Patent  System,  Cambridge,  1973, 

"  See  Weidenbaum  [62]. 
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considerations,  we  know  very  little  about  the  effects  of  various  kinds 
of  regulation  on  R.  &  D.  in  the  private  sector.  This  is  unfortunate 
since  about  10  percent  of  the  Nation's  gross  national  product  arises 
from  the  regulated  industries,  and  since  regulation  has  effects  through- 
out the  economy.12 

Antitrust 

Our  Nation's  antitrust  policies  seem  to  have  important  effects  on 
reh  and  innovation  in  the  private  sector.  Although  the  evidence 
is  limited,  it  appears  that  relatively  strong  competition  tends  to  pro- 
mote research  and  development,  so  long  as  firms  are  above  some  thresh- 
old size.  Since  it  appears  that  new  entrants  are  often  significant 
sources  of  innovation,  it  seems  important  to  eliminate  unnecessary 
barriers  to  entry.  However,  the  effects  of  antitrust  policy  are  certainly 
not  unmixed.  For  one  tiling,  antitrust  policies  may  cut  the  incentive  of 
the  dominant  firm  (or  firms)  in  an  industry  to  generate  relatively 
rapid  technical  advance.  Also,  the  fact  that  antitrust  policy  is  at  odds 
with  the  patent  system  may  in  some  cases  reduce  the  incentives  for 
R  and  D  in  some  industries.13 

Technology  Transfer 

The  Government  currently  invests  in  a  number  of  activities  to  trans- 
fer the  results  of  government  R.  &  D.  to  the  private  sector.  To  the  ex- 
tent that  these  activities  are  effective,  they  are  likely  to  encourage 
private  R.  &  D.  Perhaps  the  best  known  of  these  activities  is  NASA's 
technology  utilization  program.  This  program  has  included  a  num- 
ber of  research  institutes  and  universites.  For  example,  the  Midwest 
Research  Institute  and  the  Aerospace  Research  Applications  Center 
at  Indiana  University  have  received  information  concerning  tech- 
nological developments  in  the  space  program,  and  disseminated  them 
to  private  industry.  The  success  and  effectiveness  of  this  dissemina- 
tion program,  and  others  of  a  similar  type,  are  difficult  to  measure. 

Education 

The  Federal  Government's  policies  to  support  education  (in  science 
and  technology,  and  other  fields  as  well)  also  encourage  R.  &  D.  in  the 
private  sector.  Clearly,  the  extent  of  private  R.  &  D.  is  determined  in 
part  by  the  quantity  and  quality  of  scientific  and  engineering  talent 
available  in  the  society.  Further,  better  educated  managers  and  work- 
ers seem  to  be  better  able  to  utilize  research  results,  and  more  inclined 
to  invest  in  R.  &  D.  The  links  between  education,  science,  and  technol- 
ogy are  important,  and  the  Federal  Government's  attempts  to 
strengthen  education  certainly  have  helped  to  support  R.  &  D.  in  the 
private  sector.14 


12  See  Capron  [5],  Mogee  [37],  and  Nol!  [46]. 

13  See  Scherer  [56].  Markham  [31],  and  Noll  [46]. 
11  See  Mansfield  [30]  and  references  cited  there. 
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5.  The   Basic   Economics   of  Government   Support   of  Civilian 

Technology 

In  recent  years,  economists  have  made  some  attempt  to  <1<  termine, 
on  the  basis  of  general  economic  theory,  whether  it  is  likely  that  ex- 
isting Federal  programs  in  support  of  civilian  technology  are  ade- 
quate. In  this  section,  we  summarize  souk1  of  the  arguments  bearing  on 
this  question.  To  b&giti  With,  it  is  generally  agreed  that,  because  it  is 
often  difficult  for  firms  to  appropriate  the  benefits  that  scx-iety  recei  ves 
from  new  technology,  there  may  be  a  tendency  for  too  few  resources 
to  be  devoted  to  the  development  of  new  technology.  It  is  also  generally 
agreed  that  the  extent  to  which  these  benefits  are  appropriable  is  prob- 
ably related  to  the  extent  of  competition  faced  by  the  potential  in- 
novator and  to  the  kind  of  research  or  development  activity  in  ques- 
tion. In  particular,  the  more  competition  there  is  and  the  more  basic 
the  information,  the  less  appropriable  it  is  likely  to  be.  However,  this 
argument  is  blunted  somewrhat  by  the  obvious  fact  that  some  inven- 
tive activity  is  carried  on  with  little  or  no  economic  motive.  Clearly,  in- 
ventors and  technologists  are  not  motivated  solely  by  dollars  and 
cents. 

Economists  seem  to  agree  that,  because  R.  &  D.  is  a  relatively  risky 
activity,  there  may  be  a  tendency  for  firms  to  invest  too  little  in  it,  given 
that  many  firms  seem  to  be  averse  to  risk  and  that  there  are  only 
limited  and  imperfect  w7ays  to  shift  risk.  On  the  one  hand,  if  firms  are 
big  enough  so  that  their  R.  &  D.  program  is  reasonably  large  com- 
pared to  particular  projects,  uncertainty  is  likely  to  be  handled  more 
effectively.  On  the  other  hand,  since  the  threat  of  competitive  innova- 
tion is  an  important  stimulus  to  make  firms  more  willing  to  accept  the 
uncertainties  involved  in  R.  &  D.,  there  are  obvious  disadvantages  in 
firms  becoming  too  large  relative  to  the  total  market.  In  any  event,  it 
seems  to  be  generally  agreed  that  the  riskiness  of  R.  &  D.  is  likely  to 
result  in  less  R.  &  D.  than  may  be  socially  optimal. 

Still  another  reason  why  there  may  be  an  under  investment  in 
particular  kinds  of  R.  &  D.  is  that  they  may  be  characterized  by  sig- 
nificant indivisibilities.  In  other  words,  they  may  be  characterized 
by  economies  of  scale  that  prevent  small  organizations  from  under- 
taking them  efficiently.  This  argument  seems  much  more  applicable 
to  development  than  to  research.  It  is  important  to  recognize  thatj 
while  firms  may  have  to  be  a  certain  minimum  scale  to  do  many  kinds  1 1  f 
R.  &  D.  effectively,  this  scale  may  be  a  relatively  small  share  of  the 
market.  Furthermore,  it  is  important  to  recognize  that  small  firms 
have  been  responsible  for  many  important  innovations,  while  many 
big  firms  have  concentrated  on  more  minor  improvement  innovations. 
Nonetheless,  bearing  these  qualifications, in  mind,  it  is  often  argued 
that  some  industries  are  so  fragmented,  thev  cannot  do  the  proper 
amount  of  R,  &  D.15 


18 For  a  discussion  of  the  considerations  involved  in   this  and   the  previous   two   para- 
graphs, see  Noll  [46]. 
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While  the  preceding  arguments  have  a  considerable  amount  of 
force,  they  by  do  means  prove  that  there  is  presently  an  under  invest- 
ment in  civilian  technology.  For  one  thing,  these  arguments  generally 

are  based  on  the  supposition  that  markets  are  perfectly  competitive, 
whereas  in  fact  many  important  markets  are  oligopolistic.  In  oligopo- 
listic markets,  many  economists  believe  that  firms  often  stress  product 
improvement  as  a  form  of  rivalry,  rather  than  direct  price  competi- 
tion. Because  of  tacit  agreement  among  the  firms,  this  may  be  the 
principal  form  of  rivalry,  with  the  result  that  more  may  be  spent  on 
research  and  development  than  is  socially  optimal.  One  industry  in 
which  this  is  sometimes  claimed  to  be  true  is  the  ethical  drug  industry. 
This  is  not,  however,  a  proposition  that  is  easy  to  prove  or  disprove. 

Despite  the  arguments  listed  above,  another  reason  why  there  may 
he  no  under  investment  in  various  forms  of  civilian  technology  is  that 
the  government  is  already  intervening  in  a  large  number  of  ways  to 
support  civilian  technology.  For  example,  as  we  saw  in  section  4,  there 
are  already  some  general  tax  incentives  that  encourage  R.  &  D.  Beyond 
tliis.  in  particular  industries  like  aircraft,  there  are  a  host  of  govern- 
ment influences  promoting  R.  &  D.  and  technological  change.  For  ex- 
ample, the  Government  has  paid  for  R.  &  D.  related  to  aircraft.  It 
has  increased  the  demand  for  new  airplanes  by  providing  subsidies  to 
the  airlines  and  by  regulating  the  airlines  in  such  a  way  as  to  discour- 
age price  competition.  Of  course,  the  aircraft  industry  is  hardly  typi- 
cal in  this  regard,  but,  as  we  have  seen,  there  is  considerable  govern- 
ment support  for  R.  &  D.  of  various  kinds  in  the  private  sector,  and  it 
is  not  obvious,  on  a  priori  grounds,  that  the  Government  has  not  al- 
ready offset  whatever  latent  under  investment  in  R.  &  D.  that  was 
present  in  particular  parts  of  the  economy.16 

Going  a  step  further,  some  economists  have  argued  that,  even  in  the 
absence  of  oligopoly  or  government  intervention,  a  private  enterprise 
economy  might  not  under  invest  in  R.  &  D.  For  example,  it  has  been 
pointed  out  that  the  inventor  might  be  in  a  position  to  predict  and 
thus  speculate  on  price  changes  resulting  from  the  release  of  his  new 
technology.  In  principle  at  least,  this  might  offset  the  fact  that  he 
could  not  appropriate  all  of  the  benefits  directly.  But  it  is  important 
to  recognize  how  difficult  it  is  to  foretell  what  price  changes  will  be, 
particularly  since  there  are  many  factors  other  than  the  technology 
to  be  considered.17 

In  sum,  there  are  several  important  factors,  related  to  the  inappro- 
r>riability,  uncertainty,  and  indivisibility  of  R.  &  D.  that  seem  likely 
to  push  toward  an  under  investment  in  R.  &  D.  by  the  private  sector. 
But  these  factors  may  be  offset,  partially  or  fully,  by  oligopolistic 
emphasis  on  nonprice  competition,  by  existing  government  interven- 
tion, or  by  other  considerations.  Thus,  on  a  priori  grounds,  it  is  im- 
possible to  say  with  any  reasonable  degree  of  certainty  whether  there 
is  an  under  investment  in  R.  &  D.  in  particular  parts  of  the  private 


See  Eads  [8]. 

See  Rirshleifer  [19]. 
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6.  Measurement  of  Social  Benefits  From  New  Technology: 

Aqricultube 

Since  we  cannot  rely  solely  on  a  priori  theorizing  to  tell  use  whei 
there  is  an  under  investment  in  Iv.  &  D.  in  the  private  sector  (and  if 
so.  where  it  is  most  severe),  we  must  turn  to  the  available  empii 
studies  of  the  returns  from  R.  &  D.  of  various  types.  These  results 
should  provide  some  information  concerning  whal 
from  various  forms  of  R.  &  D.  investment  in  the  past.  Of  course,  there 
are  a  variety  of  problems  in  measuring  the  social  benefits  from  new 
technology.  Any  innovation,  particularly  a  major  one,  has  effects  on 
many  firms  and  industries,  and  it  obviously  is  difficult  to  evaluate 
each  one  and  sum  them  up  properly.  Nonetheless,  economists  have 
devised  techniques  that  should  provide  at  least  rough  estimates  of 
the  social  rate  of  return  from  particular  innovations,  assuming  that 
the  innovations  can  be  regarded  as  basically  resource-saving  in  nature. 

To  estimate  the  social  benefits  from  an  innovation,  economists  have 
used  a  model  of  the  following  sort.  If  the  innovation  results  in  a  shift 
downward  in  the  supply  curve  for  a  product  (such  as  from  Si  to  S2  in 
figure  1),  they  have  used  the  area  under  the  product's  demand  curve 
(DD1)  between  the  two  supply  curves — that  is,  ABCE  in  figure  1 — as 
a  measure  of  the  social  benefit  during  the  relevant  time  period  from 
the  innovation.  If  all  other  prices  remain  constant,  this  area  equals 
the  social  value  of  the  additional  quantity  of  the  product  plus  the 
social  value  of  the  resources  saved  as  a  consequence  of  the  innovation. 
Thus,  if  one  compares  the  stream  of  R.  &  D.  inputs  relating  to  the 
innovation  with  the  stream  of  a  social  benefits  measured  in  this  way, 
it  is  possible  to  estimate  the  social  rate  of  return  from  the  R.  &  I). 
investment.18 

Price 


i 

j 


0  Quantity 

Figure  1. — Measurement  of  Social  Benefits  from  Technological  Innovation. 


18  See  Mishan  T36]  and  E.  Mansfield.  "Case  Studies  of  the  Measurement  of  Benefits  from 
Scientific  Information  and  Technological  Innovation."  presented  at  the  First  U.S.-U.S.S.R. 
Symposium  on  the  Economics  of  Information,  Leningrad,  1975. 
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One  of  the  first  studies  to  use  this  approach  was  Griliches's  study 
of  hybrid  corn.1''  Based  on  data  concerning  the  increase  in  yields  re- 
sulting from  hybrid  corn,  the  value  of  corn  output  each  year,  and  the 
price  elasticity  of  demand  for  corn,  he  could  estimate  the  area  corres- 
ponding to  ABCK  in  figure  1  each  year.  Then  using  data  concerning 
the  amount  spent  each  year  on  hybrid  corn  research,  he  could  estimate 
the  rate  of  return  from  the  investment  in  hybrid  corn  research,  which 
turned  out  to  be  37  percent.  Clearly,  a  87  percent  rate  of  return  is 
high.  However,  in  evaluating  this  result,  it  is  important  to  bear  in 
mind,  that  this  is  the  rate  of  return  from  an  investment  which  was 
known  in  advance  to  have  been  very  successful.  Thus,  it  is  not  sur- 
prising that  it  i^  high. 

Another  study,  based  on  much  the  same  principles,  was  carried  out 
by  Peterson20  to  estimate  the  rate  of  return  from  poultry  research. 
This  study,  unlike  the  previous  one,  looked  at  the  rate  of  return  from 
all  research  in  this  particular  area,  successful  or  not.  In  other  words, 
it  included  the  failures  with  the  sucesscs.  The  resulting  rate  of  return 
was  IS  percent,  which  again  is  a  rather  high  figure.  However,  as  would 
bo  expected,  this  figure  is  lower  than  that  for  hybrid  corn.  A  further 
study,  by  Schmitz  and  Seckler,  used  basically  the  same  kind  of  tech- 
niques to  estimate  the  social  rate  of  return  from  the  investment  in 
R.  &  D.  pertaining  to  the  tomato  harvester.  The  result  depends  on 
how  long  workers  displaced  by  the  tomato  harvester  remained  un- 
employed, but  the  authors  report  that,  even  if  the  tomato  workers 
received  compensation  of  $2  to  $4  million  per  year  for  lost  jobs,  the  net 
social  rate  of  return  from  the  harvester  would  still  have  far  exceeded 
100  percent.21 

It  is  important  to  recognize  that  all  of  the  rates  of  return  cited  so 
far  are  average  rates  of  return.  That  is,  they  are  the  average  rate  of 
return  from  all  of  the  amounts  spent  on  the  relevant  E.  &  D.  For  many 
purposes,  a  more  interesting  measure  is  the  marginal  rate  of  return, 
which  is  the  rate  of  return  from  an  additional  dollar  spent.  This  is 
the  measure  that  is  most  relevant  in  determining  whether  there  is  an 
under  investment  in  civilian  technology.  If  the  marginal  rate  of  return 
from  investment  in  civilian  technology  is  higher  than  the  marginal 
rate  of  return  from  using  the  extra  resources  in  other  ways,  more 
resources  should  be  devoted  to  civilian  technology.  Thus,  a  very  high 
marginal  rate  of  return  from  investments  in  civilian  technology  is  a 
signal  of  an  under  investment  in  civilian  R.  &  D. 

Using  econometric  techniques,  a  number  of  studies  have  estimated 
the  marginal  rate  of  return  from  agricultural  II.  &  D.  One  study,  by 
Griliches,22  investigated  the  relationship  in  various  years  between 
output,  per  farm  in  a  state  and  the  amount  of  land,  labor,  fertilizer, 
and  machinery  per  farm,  as  well  as  average  education  and  expendi- 
tures on  research  and  extension  in  a  State.  The  results  indicate  that, 
holding  other  inputs  constant,  output  was  related  in  a  statistically 
significant  way  to  the  amount  spent  on  research  and  extension.  Assum- 
ing a  6-year  lag  between  research  input  and  its  returns,  these  results 
indicate  a  marginal  rate  of  return  from  agricultural  R.  &  D.  of  53 


">  See  Griliches  [14]. 

20  See  Peterson  [53]. 

21  See   Schmitz  and   Seckler   [57].   Since  the  concept  of  rate  of  return  varies  somewhat 
from  study  to  study,  the  results  are  not  always  entirely  comparable. 

22  See  Griliches  [15]. 
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percent.  Another  study,  by  Evenaon,^8  uses  time-series  data  to  estimate 
the  marginal  rate,  of  return  from  agricultural  R.  &  I).,  the  result 
being  57  percent.  Also,  Peterson's  study  of  poultry  R.  &  D.24  indicates 
that  the  marginal  mie  of  return  for  this  type  of  agricultural  R,  &  I). 

is  about  50  percent.  Schultz's  study  indicates  a  marginal  rate  of  return 
of  42  percent.25 

In  sum,  every  study  carried  out  to  date  seems  to  indicate  thai  ^1(> 
average  social  rate  of  return  from  agricultural  R.  &  1).  tends  to  he 
very  high.  The  marginal  social  rate  of  return  from  agricultural  R.  $>  )  >. 
also  seems  to  be  high,  generally  in  the  neighborhood  of  40  to  50  per- 
cent. Of  course,  as  stressed  above,  these  studies  are  based,  on  a  number 
of  simplifications,  and  it  would  be  very  risky  to  attach  too  much 
significance  to  them,  since  they  are  rough  at  best.  All  that  can  be  said 
is  that  the  available  evidence,  for  what  it  may  be  worth,  suggests 
that  the  rate  of  return  from  agricultural  R.  &  D.  has  been  high. 

7.  Measurement  of  Social  Benefits  From  New  Technology: 

Industry 

Having  summarized  the  available  results  concerning  the  social  rate 
of  return  from  R.  &  D.  in  agriculture,  we  must  now  provide  the  same 
information  for  industry.  Recently,  a  study  was  made  by  Mansfield, 
Rapoport,  Romeo,  Wagner,  and  Beardsley  26  of  the  returns  from  17 
specific  industrial  innovations.  These  innovations  occurred  in  a  variety 
of  industries,  including  primary  metals,  machine  tools,  industrial 
controls,  construction,  drilling,  paper,  thread,  heating  equipment,  elec- 
tronics, chemicals,  and  household  cleaners.  They  occurred  in  firms  of 
quite  different  sizes.  Most  of  them  are  of  average  or  routine  import- 
ance, not  major  breakthroughs.  Although  the  sample  cannot  be  re- 
garded as  randomly  chosen,  there  is  no  obvious  indication  that  it  is 
biased  toward  very  profitable  innovations  (socially  or  privately)  or 
relatively  unprofitable  ones. 

To  obtain  social  rates  of  return  from  the  investments  in  each  of  these 
innovations,  my  colleagues  and  I  used  a  model  somewhat  like  that  des- 
cribed in  figure  1,  except  that  we  extended  the  analysis  to  include  the 
pricing  behavior  of  the  innovator,  the  effects  on  displaced  products, 
and  the  costs  of  uncommercialized  R.  &  D.  and  of  R.  &  D.  done  outside 
the  innovating  organization.  The  results  indicate  that  the  median 
social  rate  of  return  from  the  investment  in  these  innovations  was  56 
percent,  a  very  high  figure.  On  the  other  hand,  the  median  private  rate 
of  return  was  25  percent.  (In  interpreting  the  latter  figure,  it  is  im- 
portant to  note  that  these  are  before-tax  returns  and  that  innovation  is 
a  risky  activity. ) 

In  addition,  my  colleagues  and  I  obtained  very  rich  and  detailed 
data  concerning  the  returns  from  the  innovative  activities  (from  10G0 
to  1972)  of  one  of  the  Nations  largest  firms.  For  each  year,  this  linn 
has  made  a  careful  inventory  of  the  technological  innovations  arising 
from  its  R.  &  D.  and  related  activities,  and  it  has  made  detailed  esti- 
mates of  the  effect  of  each  of  these  innovations  on  its  profit  stream.  We 


23  See  Evenson  [10].  ** 

24  See  Peterson  [54]. 
^SeeSchultz  [58]. 

26  See  [29].  Part  of  the  relevant  material  will  appear  In  E.  Mnnsfield.  J.  Rapoport.  A. 
Romeo,  S.  Wagner,  and  G.  Beardsley,  "Social  and  Private  Return  from  Industrial  Innova- 
tions," Quarterly  Journal  of  Economics,  forthcoming  issue. 


98 

computed  the  average  rate  of  return  from  this  firm's  total  investment 
in  innovative  activities  during  19(50-72,  the  result  being  19  percent, 
which  is  not  too  different  from  the  median  private  rate  of  return  given 
in  the  previous  paragraph.  Also,  we  computed  lower  bounds  for  the 
social  rate  of  return  from  the  firm's  investment,  and  found  that  they 
were  about  double  its  private  rate  of  return,  which  also  agrees  with 
the  results  in  the  previous  paragraph. 

The  foregoing  results  pertain  to  the  average  rate  of  return.  In 
earlier  investigations  based  on  econometric  estimation  of  production 
functions,  Mansfield  27  and  Minasian  28  estimated  the  marginal  rate  of 
return  from  R.  &  D.  in  the  chemical  and  petroleum  industries.  Mans- 
field's results  indicated  that  the  marginal  rate  of  return  was  about  40 
percent  or  more  in  the  petroleum  industry,  and  about  30  percent  in  the 
chemical  industry  if  technical  change  was  capital  embodied  (but  much 
less  if  it  was  disembodied).  Minasiairs  results  indicated  about  a  50 
percent  marginal  rate  of  return  on  investment  in  R.  &  D.  in  the  chemi- 
cal industry. 

In  a  more  recent  study.  Terleckyj 29  has  used  econometric  techniques 
to  analyze  the  effects  of  R.  &  I).  expenditures  on  productivity  change  in 
33  manufacturing  and  nonmanufacturing  industries  during  194P-G6. 
In  manufacturing,  the  results  seem  to  indicate  about  a  30  percent  rate 
of  return  from  an  industry's  R.  &  D.  based  only  on  the  effects  of  an 
industry's  R.  &  D.  on  its  own  productivity.  In  addition,  his  findings 
show  a  very  substantial  effect  of  an  industry's  R.  &  D.  on  productivity 
growth  in  other  industries,  resulting  in  a  social  rate  of  return  greatly 
exceeding  that  of  30  percent.  No  evidence  wen  found,  however,  demon- 
strating that  government  contract  R.  &  D.  has  any  effect  on  the  pro- 
ductivity increase  of  the  industries  performing  it. 

Griliches 30  has  carried  out  an  econometric  study,  based  on  data  for 
almost  900  firms,  to  estimate  the  rate  of  return  from  R.  &  D.  in  manu- 
facturing. His  results  pertain  only  to  the  private,  not  the  social,  rate 
of  return.  He  finds  that  the  private  rate  of  return  is  about  17  percent. 
It  is  much  higher  than,  this  in  chemicals  and  petroleum,  and  much 
lower  than  this  in  aircraft  and  electrical  equipment.  He  finds  that  the 
returns  from  R.  &  D.  seem  to  be  lower  in  industries  where  much  R.  &  D. 
is  federally  financed. 

Based  on  computations  for  the  economy  as  a  whole.  Denison  con- 
cluded that  the  rate  of  return  from  R.  &  D.  was  about  the  same  as  the 
rate  of  return  from  investment  in  capital  goods.  His  estimate  of  the 
returns  from  R.  &  D.  was  lower  than  the  estimates  of  other  investiga- 
tors, perhaps  due  to  his  assumptions  regarding  lags.31  In  his  presiden- 
tial address  to  the  American  Economic  Association,  Fellner 32  estimated 
the  average  social  rate  of  return  from  technological -progress  activities, 
his  conclusion  being  that  it  is  "substantially  in  excess"  of  13  or  18  per- 
cent, depending  on  the  cost  base,  and  that  this  is  much  higher  than 
the  marginal  rate  of  return  from  physical  investment  at  a  more  or  less 
given  level  of  knowledge. 

To  sum  up,  practically  all  of  the  studies  carried  out  to  date  indicate 
that  the  average  social  rate  of  return  from  industrial  R.  &  D.  tends  to 

»  See  Mansfield  [24]. 
■  See  Minasian  13ft  I. 

w  Spp  Tprlpokvj  rnO"|. 
*"Spp  Grllicheg  rifii. 
81  Spp  Dpnison  T7], 
"Sep  Fellner  [11]. 
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be  very  high.  Moreover,  the  marginal  social  pate  of  return  also  seems 
high,  generally  in  the  neighborhood  of  30-50  percent.  As  in  the  case 
of  agriculture,  there  are  a  variety  of  very  important  problems  and 
limitations  inherent  in  each  of  these  studies.  Certainly,  they  are  vrrv 
frail  reeds  on  which  to  base  policy  conclusions.  But  recognizing 
fact,  it  nonetheless  is  remarkable  that  so  many  independent  studies 
based  on  so  many  types  of  data  result  in  so  consistent  a  set  of  contu- 
sions. 

8.  Mechanisms  of  Government  Support  in  Other  Countries 

Having  discussed  the  available  evidence  bearing  on  whether  or  not 
there  may  be  an  under-investment  in  civilian  R.  &  D.  of  various  kinds. 
we  turn  now  to  a  brief  description  of  some  of  the  mechanisms  used  in 
three  other  countries — the  United  Kingdom,  France,  and  Japan — to 
support  R.  &  D.  in  the  private  sector. 

United  Kingdom 

Like  the  United  States,  the  United  Kingdom  has  devoted  a  large 
share  of  its  government  R.  &  D.  expenditures  to  defense  and  atomic 
energy  (table  6) .  At  the  same  time,  however,  it  has  tried  in  a  variety  of 
ways  to  support  civilian  technology  as  well.  The  National  Research 
and  Development  Corporation  is  a  public  corporation  that  supports  the 
development  of  innovations  by  paying  part  or  all  of  the  development 
costs,  licenses  firms  to  exploit  public  sector  innovations,  and  enters  into 
joint  ventures  with  private  firms.  The  British  Government  provides 
financial  support  for  small  firms,  research  associations,  and  universities 
to  further  the  practical  applications  of  research.  Recently,  the  level  of 
this  support  approximated  $10  million  per  year.  In  1970  it  spent  about 
$10  million  to  support  research  associations.  In  addition,  it  has  engaged 
in  large  programs  of  grants  to  industry  for  research  on  processes,  pro- 
vided "launching  aid"  for  the  development  of  civilian  aircraft  and 
engines,  and  lent  advanced  machine  tools  without  fee  to  potential  pur- 
chasers or  users.32" 

Although  it  is  difficult  to  evaluate  programs  of  this  sort,  there  seems 
to  be  a  widespread  feeling  that  Britain's  programs  have  not  been  very 
successful.  This  is  often  attributed,  at  least  in  part,  to  the  fact  that 
the  Government  has  been  too  inclined  to  assume  the  entrepreneurial 
role  and  to  engage  in  commercial  development  activities.  The  Govern- 
ment has  tended  to  commit  itself  to  the  full-scale  development  of  par- 
ticular technologies  too  soon  and  too  massively.  In  other  words,  accord- 
ing to  many  exports  in  the  United  Kingdom  and  elsewhere,  the  British 
Government  1ms  tended  to  engage  in  activities  that  might  better  have 
been  left  to  the  private  sector.33 

France 

There  have  been  r  number  of  French  programs  to  support  civilian 
technology,  particularly  in  high  technology  fields  or  in  fields  thought 
to  be  important  for  industrial  independen  :e.  There  have  been  •• 
matic  action  programs,"  meant  to  coordinate  applied  work  in  inter- 
as*  See  Tlollnmop  and  A.S8O1  i:iit's  [20]. 
*  See  Gilpin  [13]. 
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disciplinary  areas  among  Several  laboratories  normally  devoted  to 
basic  research.  There  have  been  "concerted  actions/'  which  establish 
committees  to  Support  research  in  fields  like  molecular  biology  and 

applied  mechanics.  There  has  been  an  "aid  to  pre-development'?  pro- 
gram, designed  to  help  cooperative  research  organizations  to  develop- 
ment work  on  new  technologies.  There  has  been  an  "aid  to  develop* 
ment"  program,  providing  loans  (which  may  be  forgiven)  to  cover 

development  costs  incurred  by  private  firms. 

Additionally,  there  are  a  variety  of  tax  incentives.  All  of  the  oper- 
ating expense-  in  research  and  development  are  fully  deductible  costs 
of  doing  business.  Investments  in  buildings  for  R.  &  1).  can  be  writ- 
ten oil  by  50  percent  in  the  1st  year,  the  rest  being  depreciated  over 
the  structure's  normal  life.  Firms  that  combine  their  R.  &  D.  resources 
into  a  new  organization  can  benefit  from  a  tax  deduction  on  their 
investment  in  the  new  organization.  And  to  promote  industrial  fund- 
ing of  research  institutions,  there  is  a  50  percent  depreciation  rate  for 
shares  taken  in  public  or  private  R.  &  D.  institutions,  deductions  of 
payments  to  R.  &  D.  institutions  from  profits  taxes  (up  to  3  percent 
of  the  firm's  turnover),  and  exemption  of  taxes  on  legacies  to  approved 
R.&D.  institutions.34 

In  industries  like  electronics,  French  policy  seems  to  have  been  to 
maintain  at  least  one  domestic  supplier  of  each  politically  significant 
technology.  In  the  eyes  of  many  observers,  this  policy  has  had  impor- 
tant drawbacks.  According  to  Zysman : 

Tlie  dilemma  has  been  that  the  protection  and  support  required  to  produce 
specific  products  of  interest  to  the  state  may,  in  fact,  have  weakened  the  firms 
that  must  be  the  long-term  instruments  of  state  policy  .  .  .  Before  the  reality 
of  technological  independence,  strong  and  innovative  firms,  can  be  realized,  the 
symbol  of  particular  goods  produced  by  subsidized  but  feeble  national  conipaniw 
may  have  to  be  abandoned.38 

Japan 

There  has  been  a  well-known  Japanese  emphasis  on  the  importation 
of  technology.  The  Japanese  Government  has  played  a  very  impor- 
tant role  in  determining  which  technologies  should  be  purchased  from 
abroad,  and  which  firms  should  receive  them.  Besides  relying  heavily 
on  foreign  technology,  Japan  has  spent  significant  amounts  on  R.  &  I). 
As  shown  in  table  7,  Japan's  R.  &  D.  expenditures,  as  a  percent  of  gross 
national  product,  have  been  lower  than  in  the  United  States,  United 
Kingdom,  West  Germany,  or  France.  But  if  one  looks  only  at  non- 
military  R.  &  D.,  the  gap  between  Japan's  R.  &  D.  expenditures,  as 
a  percent  of  gross  national  product,  and  that  of  the  other  countries 
is  narrowed  considerably.  This,  of  course,  is  due  to  the  fact  that  Japan 
spends  very  little  on  defense. 

84  See  Hollomon  and  Associates  [20]. 
«Zysmaii  [63]. 
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TABLE  6.-PERCENTAGE  DISTRIBUTION  OF  PUBLIC  RESEARCH  AND  DEVELOPMENT  EXPENDITURES  DEVOTED  TO 

VARIOUS  FUNCTIONS,  1968-69 

Military,  Economic,  Welfare,  Other, 

space,  agriculture,  health,  including 

Country  nuclear      manufacturing         environment  universites  Total' 

United  States 

Canada. 

Belgium 

United  Kingdom 

Norway 

Japan 

Sweden 

Netherlands 

France 

i  Because  of  rounding  errors,  items  sometimes  do  not  sum  to  total. 
Source:  OECD  statistics,  as  quoted  in  Gilpin  [13]. 

TABLE  7—  RESEARCH  AND  DEVELOPMENT  EXPENDITURES  AS  A  PERCENTAGE  OF  GROSS  NATIONAL  PRODUCT,  1969. 

Country  Total  R.  &  D.       Nonmilitary  R.  &  D. 

United  States 

United  Kingdom 

Japan 

France 

West  Germany 

Source:Scienceand  Technology  Agency,  Japan,  as  quoted  by  Peck  (51). 

An  interesting  feature  of  Japan's  technology  policy  is  that  a  very 
low  percentage  of  the  nation's  R.  &  D.  is  financed  by  government. 
Japanese  industry  supports  a  much  larger  share  of  the  nation's  11.  & 
D.  than  does  industry  in  the  United  States,  the  United  Kingdom,  or 
France.  About  three-fifths  of  the  Government's  R.  &  D.  expenditures 
on  economic  development  are  for  the  programs  of  the  Agency  of  In- 
dustrial Science  and  Technology,  which  has  run  about  a  dozen  na- 
tional R.  &  D.  programs  on  electronic  computers,  electric  cars,  sea 
water  desalting,  and  other  such  topics.  The  projects  are  chosen  on  the 
basis  of  their  potential  importance  to  the  economy,  and  the  appear- 
ance  of  market  failure  which  has  prevented  the  private  sector  from 
carrying  them  out.  Also,  the  Agency  provides  subsidies  (amounting 
to  one-half  of  the  costs)  for  particular  development  projects  pro] 
by  industry.  This  program  is  smaller  than  the  previously  mentioned 
one,  its  total  funding  in  1972  approximating  $9  million. 

Japan  also  has  used  a  variety  of  tax  credits  for  industrial  R.  &  I). 
In  1967,  it  introduced  a  program  whereby  a  firm  is  permitted  a  25  per- 
cent tax  deduction  on  R.  &  1).  expenses  up  to  the  point  where  they 
represent  an  increase  of  no  more  than  12  percent  over  the  firm's  highest 
annual  R.  &  D.  expenses  since  1967,  and  a  50  percent  tax  deduction  on 
additional  R.  &  D.  expenses,  the  maximum  tax  deduction  being  1») 
percent  of  the  corporate  tax.  Further,  there  is  accelerated  deprecial  ion 
for  the  construction  of  pilot  plants  for  now  technology,  accelerated  de- 
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J>reciation  for  the  building  of  R.  &  D.  facilities  and  for  startup  ex- 
rch  associations,  and  a  partial  tax  exemption  of  re- 
From  foreign  sale  of  technology. 

-  hi  to  give  high  mark.-  to  Japan's  programs  in 
support  of  civilian  technology.  But  it  is  difficult,  particularly  for  out- 
siders, to  characterize  in  a  precise  or  detailed  way  the  nature  of  sonic 
of  these  programs,  since  the  Ministry  of  International  Trade  and 
Industry  (lOTI)  has  relied  on  informal  guidance  and  intervention, 
as  well  as  on  formal  controls,  to  influence  the  import  of  technology  and 
the  direction  of  civilian  technology.  However,  one  noteworthy  feature 
of  these  programs  is  that  they  tended  to  view  R.  &  D.  as  merely  a  part 
of  the  entire  process  of  technological  innovation,  and  that  technologi- 
cal development  has  been  viewed  simultaneously  with  such  other  parts 
of  the  innovation  process  as  investment,  markets,  and  labor.35a  These 
views  coincide  with  the  emphasis  in  many  recent  studies  of  the  innova- 
tion proc 

9.  Advantages  and  Disadvantages  of  Various  Mechanisms 

for  Federal  Support 

As  stressed  in  sections  5-7.  existing  evidence  is  too  weak  to  indicate 
with  any  degree  of  certainty  whether  there  is  an  underinvestment  in 
civilian  R.  &  D.  of  various  sorts.  All  that  can  be  said  is  that  prac- 
tically all  of  the  studies  carried  out  to  date  conclude  that  the  average 
and  marginal  social  rate  of  return  from  R.  &  D.  have  tended  to  be  very 
high.  Nonetheless,  most  economists  who  have  studied  the  question  38 
seem  to  feel,  on  the  basis  of  the  existing  evidence,  that  it  is  likely  that 
some  underinvestment  of  this  sort  exists.  If  so.  it  is  important  to  con- 
sider the  various  means  by  which  Federal  support  for  civilian  R.  &  D. 
might  be  increased.  In  this  section,  we  discuss  the  major  advantages 
and  disadvantages  associated  with  each  of  a  number  of  mechanisms  for 
Federal  support  of  private  sector  R.  &  D. 

First,  consider  tax  incentives  for  privately  financed  R.  &  D.  Perhaps 
the  most  important  advantages  of  this  mechanism  are  that  it  involves 
less  direct  Government  control  than  some  of  the  other  techniques,  and 
that  it  would  be  relatively  easy  to  administer.  Its  most  important  dis- 
advantages are  that  it  would  reward  firms  for  doing  R.  &  I).  that  they 
would  have  done  anyhow,  that  it  would  not  help  firms  that  have  no 
profits,  and  that  it  would  be  likely  to  encourage  the  same  kind  of  R.  & 
D.  that  is  already  being  clone  (rather  than  the  more  radical  and  risky 
work  where  the  shortfall,  if  it  exists,  is  likely  to  be  greatest).  Further- 
more, according  to  estimates  made  by  former  Secretary  Peterson  of  the 
Department  of  Commerce,  a  25  percent  tax  credit  for  R.  &  D.  would 
mean  that  the  Treasury  would  lose  about  $2-3  billion  annually.37  Also, 
any  program  of  this  sort  might  run  into  difficulties  in  defining  R.  &  D., 
since  firms  would  have  an  incentive  to  use  as  wide  a  definition  as  pos- 
sible. More  will  be  said  about  tax  credits  in  section  11. 

Second,  consider  Federal  contracts  and  grants  in  support  of  civilian 
technology.  This,  of  course,  is  the  route  taken  by  the  Department  of 
Defense  and  the  National  Aeronautics  and  Space  Administration  in 


Ba  sPe  Peck  rsi],  Oshima  [48].  and  Gilpin  [13]. 

86  See  the  papers  in  [41],  Nelson,  Peck,  and  Kalachek  [45],  Arrow  [1].  and  Capron  [4], 

37  See  Weidenbaum  [62]. 
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i  of  their  v.<        "  National  Re- 
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ms  relal  ive  to  I !:< 
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the  contra  tor;  others,  like  the  Atomic  Energy  ( 

d  title  to  the  patents.  Ther<  en  a  longstandii 

over  the  relative  merits  of  these  diff<  rent  patent  p< 
more   fundamental    difficulty   with  this   mechanism   for  suppor 
private  sector  R.  &  D.  is  that  it  is  so  difficult  to  estimate  the  social 
<-o.-ts  and  benefits  of  a  proposed  R.  &  D.  project  in  a,:  .Ion!  will 

be  said  about  this  in  section  11. 

Third,  the  Federal  Government  could  support  additional  civilian 
R.  &  D.  by  initiating  and  expanding  work  of  the  relevant  sorts  in 
crnment  laboratories.  This  technique  has  the  advantage  of  being  direct 
and  selective.  But  there  are  great  problems  in  having  E.  &  T).  con- 
ducted by  organizations  that  are  not  in  close  touch  with  the  mark 
and  production  of  the  product.  It  is  very  important  that  there  be  un- 
impeded flows  of  information  and  good  coordination  of  R.  &  D.  on  the 
one  hand,  and  marketing  and  production,  on  the  other.  Otherwise,  the 
R.  &  D.  is  likely  to  be  misdirected,  or  even  if  it  is  not.  it  may  be 
neglected  or  resisted  by  potential  users.  This  is  a  difficult  enough 
problem  for  various  divisions  of  a  firm,  and  it  would  seem  to  be  made 
worse  if  the  R.  &  D.  is  done  in  government  laboratories.  In  the  last 
decade,  many  governments  have  tended  to  convert  government  labora- 
tories and  to  increase  the  amount  of  government-financed  R.  &  D.  done 
in  industrial  firms  in  order  to  bring  R.  &  D.  into  closer  contact  with 
application  and  commercialization."1 

Fourth,  the  Federal  Government  could  insure  a  portion  of  private 
credit  to  firms  for  R,  &  1).  and  innovation  costs.  It  is  frequently 
claimed  that  the  reluctance  of  lenders  to  extend  credit  to  risky  and 
long  term  projects  is  an  undesirable  barrier  to  innovation.  To  the  ex- 
tent that  this  is  the  case,  such  a  program  might  help  to  remedy  the 
situation.  The  government  could,  for  a  fee.  share  the  risk  with  the 
private  lender  for  loans  for  R.  &  D.  and  related  purposes.  The  ad- 
vantages of  such  a  program  are  that  it  would  not  commit  the  govern- 
ment to  large  expenditures,  the  administrative  costs  woul  I  I  e  lov 
there  would  be  little  federal  interference  in  the  lending  d  The 

disadvantages  are  that  it  results  in  a  contingent  liability   for 
Treasury,  political  problem-  could  arise  in  awai  loan  ii 

ance,  and,  most  important  of  all.  there  is  very  little  hard  evidi 
the  capital  markets  operate  so  inefficiently   (from  a  social  poinl    >f 
view)  that  such  a  program  is  needed.41 

Fifth,  the  Federal  Government  could  uco  its  own  purchasing  | 
cedures  to  encourage  technological  change  in  the  pnvat 
shown  in  table  8.  the  Federal  Government's  purchases  of  many  kinds 


88  See  Nelson,  Peck,  and  Kalachek  [45]. 
«•  See  Mansfield  [25]. 
..  s...  OBCD  [47]. 
*'  See  Piekarz  [55]. 
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of  goods  and  services  are  very  substantial.  The  Federal  Government 
could  encourage  innovation  by  using  performance  criteria,  which 
specify  the  desired  end  result  without  limiting  the  design  to  existing 
products,  rather  than  product  specifications.  Proponents  of  perform- 
ance-based Federal  procurement  argue  that  it  will  free  industry  to  in- 
novate (limited  only  by  the  requirement  that  it  perform  certain  speci- 
fied functions),  encourage  cost  reduction  for  the  Government,  and  en- 
courage the  Government  to  serve  as  a  pilot  customer  for  technical  in- 
novations in  areas  where  it  represents  a  big  enough  market  or  a  market 
sufficiently  free  from  local  restrictions  or  codes  to  make  it  worth  in- 
dustry's while  to  innovate.  The  disadvantages  of  this  mechanism  are 
that  performance  criteria  may  be  expensive  to  develop  and  administer, 
and  that  the  procurement  process  may  be  made  less  efficient  by  adding 
innovation  to  the  list  of  socioeconomic  objectives  that  already  influ- 
ence this  process.42  Another  suggestion  is  that  the  Government  could 
make  greater  use  of  life  cycle  costs  in  purchasing  decisions. 


Table  8. — Government  sales  as  a  percent  of  total  sales,  1967 

Percent  sold 
to  Federal 
Product  line  Government 

Food  and  kindred  products 1.  86 

Tobacco  manufactures 3.  53 

Textile  mill  products 1. 13 

Lumber  and  wood  products 0.  96 

Furniture  and  fixtures 1.99 

Paper  and  allied  products 0.  82 

Chemicals  and  allied  products 1.  53 

Petroleum  and  coal  products 1.45 

Rubber  and  miscellaneous  plastics  products 2.  57 

Leather  and  leather  goods 4. 19 

Stone,  clay,  and  glass  products 0.  83 

Primary  metal  industries 1.  08 

Fabricated  metal  products 3.  20 

Machinery  except  electrical 3.  39 

Electrical  machinery  and  supplies 14.  05 

Transportation  equipment 28.  01 

Instruments 11.  05 

Miscellaneous  manufacturing 1.  97 

Wholesale  trade 1 1.  60 

Source:  Study  Group  13A  on  Commercial  Products,  Final  Report  to  the  Commission  on 
Government  Procurement,  Washington,  February  1972,  p.  42. 

Sixth,  the  Federal  Government  could  use  its  regulatory  policies  to 
try  to  encourage  R.  &  D.  in  the  private  sector.  According  to  some  ob- 
servers, some  (but  b}^  no  means  all)  of  the  Federal  regulatory  agencies 
have,  through  their  policies  and  procedures,  tended  to  restrain  or  dis- 
tort technological  innovation  in  the  industries  thev  regulate.43  Because 
so  little  is  known  about  tlie  effects  of  regulation  on  technological 
change,  it  is  hard  to  specify  exactly  what  changes  might  be  effective 
(and  cost-effective).  Among  the  suggested  alternatives  are  that  tech- 
nology advisers  be  located  in  the  regulatory  agencies,  and  that  a  tech- 
nology impact  statement  be  appended  to  all  major  regulatory  decisions. 
Based  on  existing  knowledge,  it  is  hard  to  say  whether  such  actions 
would  be  worthwhile.44 


*~  Sor  Davenny  [6]  and  Weldenbaum  [62]. 

u  For  example,  former  President  Nixon,  in  his  1972  message  on  science  and  technology, 
cited  excessive  regulation  as  a  barrier  to  innovation  in  the  United  States. 
"  See  Mogee  [37]  and  Eads  [8]. 
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Seventh,  the  Federal  Government  might  establish  prizes  for  im- 
portant industrial  innovations  and  developments.  Such  prizes  would 
of  course,  make  privately  financed  R.  &  D.  more  attractive:  if  a  firm 
or  individual  felt  that  a  prospective  I*.  &  I),  project  might  lead  to 
result-  worthy  of  such  a  prize,  the  rewards  would  appear  higher  than 
without  the  prize.  An  important  disadvantage  of  i!  m  is 

that  it  is  so  difficult  to  figure  out  which  innovations  are  worth 
prizes  and  which  are  not.  Given  the  enormous  problems  in  measuring 
the  social  importance  of  an  innovation,  this  mechanism  may  not  be 
as  feasible  as  might  appear  at  first  glance. 

10.  Three  Federal  Programs  Desigxed  To  Illuminate  the  Issues 

On  March  16,  1972,  former  President  Nixon,  in  his  special  message 
to  the  Congress  on  science  and  technology,  established  three  programs 
related  to  Federal  support  of  R.  &  D.  in  the  private  sector.  One  was 
to  be  an  analytical  program  at  the  National  Science  Foundation  to  sup- 
port studies  of  barriers  to  technological  innovation  and  the  effects  of 
various  possible  Federal  policies  on  these  barriers.  The  other  two,  one 
to  be  carried  out  at  the  National  Science  Foundation  and  one  at  the 
National  Bureau  of  Standards,  were  to  be  experimental  programs  to 
determine  effective  ways  of  stimulating  R.  &  D.  in  the  private  sector 
and  to  provide  experience  with  incentives  that  the  Federal  Govern- 
ment might  use  to  promote  the  application  of  science  and  technology 
in  the  civilian  sector.  In  this  section,  we  describe  the  nature  and  status 
(as  of  1975)  of  these  programs,  each  of  which,  has  an  obvious  bear- 
ing on  the  topic  of  this  report. 

The  National  Science  Foundation's  National  R.  &  D.  Assessment 

Program 

Established  in  August  1972,  this  is  the  analytical  program  cited 
above.  This  program  analyzes  the  patterns  of  R.  &  D.  and  technological 
innovation  in  the  United  States,  the  incentives  and  decisions  that  un- 
derlie these  patterns,  and  the  effects  of  various  Federal  policy  options 
on  future  patterns  of  R.  &  D.  and  technological  innovation  in  this  coun- 
try. More  specifically,  this  program  attempts  to  shed  light  on  the  fol- 
lowing sorts  of  questions :  How  are  decisions  made  with  regard  to  R.  & 
D.  and  technological  innovation?  How  does  government  regulation 
affect  R.  &  D.  and  technological  innovation?  How  do  tax  policies,  pat- 
ent policies,  and  antitrust  policies  affect  R.  &  D.  and  technological 
innovation?  What  are  the  social  benefits  and  costs  from  technological 
innovations?  What  are  the  effects  of  international  technology  transfer 
on  U.S.  balance  of  trade  and  employment  ? 

To  carry  out  its  work,  the  National  R.  &  D.  Assessment  Program  sup- 
ports both  intramural  and  extramural  work.  A  great  many  of  the 
extramural  projects  have  yet  to  reach  completion,  since  most  of  them 
were  not  begun  until  fiscal  1974.  Thus,  it  is  too  soon  to  attempt  to  sum- 
marize the  results  obtained  to  date.  However,  it  is  clear  thai  this 
program  will  add  to  the  stock  of  fundamental  knowledge  in  this  area. 
For  example,  some  of  the  works  cited  earlier  in  this  paper  were  sup- 
ported by  this  program.  It  is  to  be  hoped  that  a  number  of  the  i 
considered  in  this  report  will  be-clarined  considerably  by  the  results 
to  be  obtained  by  this  program. 
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The   National   Science    F  omul  at  Ion's    Experimental   Research   and 
Development  Incentives  Program, 

This  includes  a  number  of  experimental  programs.  Among  other 
things,  it  lias  made  federal  laboratories  available  for  performance 
validation  in  cases  where  an  entrepreneur  obtains  a  conditional  com- 
mitment to  buy  from  a  public  jurisdiction,  it  has  made  university 
research  capabilities  available  to  several  industrial  sectors  not  cur- 
rently doing  much  R.  &  D.  it  lias  established  interdisciplinary  training 
and  community  clinics  at  several  universities  for  the  development  of 
entrepreneurial  talent  and  the  planning  of  innovations,  it  has  experi- 
mented with  the  use  of  a  structured  national  system  to  deliver  technical 
services  to  small  and  medium  sized  cities  through  the  use  of  a  tech- 
nology agent,  and  it  has  established  a  training  program  and  organized 
procedure  for  obtaining  clinical  validation  of  new  medical  equipment. 

Like  the  other  programs  discussed  in  this  section,  too  little  time  has 
elapsed  to  be  able  to  say  much  concerning  the  nature  of  the  results. 
However,  one  thing  that  this  program  has  demonstrated  is  the  difficulty 
of  establishing  experiments  that  are  feasible  and  susceptible  to  precise 
evaluation.  To  formulate  an  experiment  that  can  shed  unambiguous 
light  on  any  of  the  relevant  questions  is  not  as  easy  as  it  may  seem. 
To  do  this,  and  at  the  same  time  remain  within  the  bounds  of  political 
and  economic  feasibility,  is  harder  still.  Nonetheless,  it  is  to  be 
hoped  that,  when  they  become  available,  the  results  will  clarify  a 
number  of  the  issues  considered  in  this  report. 

The  National  Bureau  of  Standards*  Experimental  Technology 
Incen  ti  ces  Prog  ram 

This  experimental  program  was  started  in  1972,  but  for  various 
reasons  it  was  not  until  September  1973  that  a  full-time  director  was 
present,  and  operating  funds  were  not  available  until  February  1974. 
This  program  has  focused  its  attention  largely  on  federal  procurement 
and  regulation.  In  the  area  of  federal  procurement,  it  is  working  with 
the  Federal  Supply  Service  to  introduce  life  cycle  costing  and  value 
incentive  clauses  in  the  procurement  of  power  mowers,  air  conditioners, 
hot  water  heaters,  and  a  variety  of  other  products.  Also,  it  is  working 
with  the  Public  Building  Service  in  the  development  of  a  life  cycle 
costing  methodology  for  use  in  planning  and  acquiring  federal  space, 
and  with  the  Veterans  Administration  and  the  state  and  local  govern- 
ments in  experiments  involving  performance  specifications  and  other 
procurement  changes.  In  the  area  of  federal  regulation,  it  is  working 
with  the  Nuclear  Regulatory  Commission  to  see  whether  the  formula- 
tion of  standards  can  be  expedited,  with  the  Environmental  Protection 
Agency  to  see  whether  it  is  possible  to  reduce  the  high  costs  of  comply- 
ing with  regulations  concerning  the  development  of  pesticides,  with 
the  Federal  Power  Commission  and  the  Occupational  Safety  and 
Health  Administration  to  experiment  with  the  use  of  computers  and 
modern  information  handling  technology,  and  with  the  Federal  Rail 
Commission  and  Food  and  Drug  Administration  on  other  problems. 
Finally,  it  is  also  engaged  in  some  studies  of  civilian  R.  &  D.  and  of 
ways  to  encourage  innovation  by  small  business. 

According  to  the  program  officials,  the  results  to  date  are  encour- 
aging. For  example,  they  estimate  that  the  use  of  life  cycle  cost 
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meth  -  resulted  in  a  saving  to  the  government  of  "  in  the 

Loners  and  i  In  the  case  of  ••■ 

purchased  in  one  year  alone.  Relatively 
the  nuclear  standards  formulation   pro< 

this  process  considerably.  With  regard  to  the  <  t   in- 

novation in  the  private  sector,  the  program's  o 

has  been  made.  As  in  the  case  of  the  Experimental   R  and 

Development   Incentives  Program,  it    is  very  difficult  at   this  point 
to  say  what  the  net  effect  of  each  of  these  experiments  i  and 

t  \  tell  whether  they  will  result  in  social  benefits  exceeding  their  a 
costs.  Nonetheless,  it  seems  reasonable  to  expect  that  this  program  will 
shed  light  on  a  number  of  the  major  issues  considered  in  this  report.45 

11.  General  Versus  Selective  Support  Mechanisms 

In  section  8,  we  described  briefly  some  of  the  mechanisms  used  by 
the  governments  of  Britain.  France,  and  Japan  to  support  R.  &  D.  in 
the  private  sector.  In  section  9,  we  discussed  the  advantages  and 
disadvantages  of  various  mechanisms  that  could  be  used  in  the  United 
States  to  increase  Federal  support  of  private-sector  R.  &  D.,  if  this 
were  deemed  desirable.  In  section  10,  we  described  several  programs 
currently  being  carried  out  by  government  agencies  which  should  shed 
light  on  the  relative  desirability  of  some  of  these  mechanisms,  as  well 
as  on  the  desirability  of  further  Federal  support  for  private  sector 
R.  &  J).  With  this  material  as  background,  we  turn  now  to  a  dis- 
cussion of  some  of  the  major  considerations  that  probably  should 
be  kept  in  mind  in  appraising  the  policy  options  in  this  area. 

To  begin  with,  it  seems  fair  to  say  that  most  economists  who  have 
studied  this  problem  have  come  away  with  the  impression  that  our 
nation's  programs  in  support  of  civilian  technology  are  ad  hoc.  and 
that  it  is  difficult  to  understand  why  we  have  allocated  this  support  in 
the  way  that  we  have.  For  example,  an  enormous  amount  of  support 
has  been  provided  for  civilian  aviation  technology,  but  very  little 
has  been  provided  for  railroad  technology;  an  enormous  amount  of 
support  has  been  provided  for  agricultural  technology,  but  very  little 
has  been  provided  for  construction  technology:  and  so  on.  (Perhaps 
this  allocation  of  support  can  be  defended,  but  I  know  of  no  serious 
attempt  to  do  so.)  Also,  many  economists  who  have  written  on  this 
topic  seem  somewhat  uncomfortable  about  the  extent  to  which  federal 
support  of  R.  &  D.  in  the  private  sector  is  related  to  a  relatively  few 
high  technology  areas.  When  one  looks  at  federal  expenditures  for 
R.  &  D.  performed  in  the  private  sector,  the  data,  shown  in  Tab]-'  4. 
indicate  that  the  lion's  share  goes  to  industries  like  aircraft,  electrical 
equipment,  and  instruments.  Yet  the  marginal  rate  of  return  from 
R.  &  D.  may  be  higher  in  less  exotic  areas  like  textiles  ov  machine 
tools  than  in  the<=e  high-technology  fields. 

If  these  misgivings  are  close  to  correct,  it  is  likely  f}\^t  a  general 
tax  credit  for  R.  &D.  would  be  a  relatively  inefficient  way  of  incren 
federal  support  for  R.  &  D.  in  the  private  toct^v.  This  is  because,  as 
pointed  out  in  section  9,  it  would  reward  many  firms  foT  doii 
they  would  have  done  anyway,  and  it  would  be  likely  to  encoi 
snme  sorts  of  R.  &  T).  that  are  already  being  done.  A  tas  credit 


*-''For  some  recent  discussion  of  this  program,  s?e  Sctpnor\  September  2G.  107 
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increases  in  R.  &  D.  spending  would  be  less  objectionable  on  these 
grounds,  but  it  too  is  frequently  regarded  as  inefficient  because  it 
is  not  sufficiently  selective.  To  get  the  most  impact  from  a  certain  level 
of  Federal  support,  it  seems  to  be  generally  agreed  that  a  more  selec- 
tive technique  would  be  desirable. 

However,  to  utilize  more  selective  techniques,  some  way  must  be 
found  to  determine  where  the  social  payoff  from  additional  federal 
support  is  greatest  (or  at  least  relatively  high).  The  way  that  most 
economists  would  approach  this  problem  is  to  use  some  form  of  benefit- 
cost  analysis  to  evaluate  the  pay-otf  from  additional  Federal  support 
of  various  kinds  of  R.  &  D.  Unfortunately,  although  such  methods  are 
of  some  use,  they  are  not  able  to  provide  very  dependable  guidance  as 
to  how  additional  Federal  support  for  civilian  technology  should  be 
allocated,  due  in  large  part  to  the  fact  that  the  benefits  and  costs  from 
various  kinds  of  R.  &  D.  are  very  hard  to  forecast.  As  the  Department 
of  Defense  knows  so  well,  it  is  difficult  indeed  to  forecast  R.  &  D. 
costs.  And  even  major  corporations  have  difficulty  in  using  various 
forms  of  benefit-cost  analysis  for  R.  &  D.  project  selection,  even  though 
they  have  a  much  easier  benefit  concept  to  estimate  than  most  Govern- 
ment agencies  do. 

Thus,  the  choice  between  the  general  and  more  selective  forms  of 
support  is  not  as  simple  as  it  may  seem  at  first.  And  when  one  recog- 
nizes that  the  estimates  constructed  to  guide  the  selective  forms  of 
support  may  be  biased  for  parochial,  selfish,  or  political  reasons,  the 
choice  becomes  even  more  difficult.  As  Eads46  has  pointed  out,  the 
organizations  and  individuals  that  benefit  from,  or  have  a  positive 
interest  in,  a  certain  R.  &  D.  program  may  inflate  the  benefits  estimate 
by  claiming  various  "secondary"  or  "external"  benefits  that  in  fact 
are  spurious  or  at  least  exaggerated.  Given  that  it  is  so  hard  to  estimate 
with  reasonable  accuracy  the  true  social  benefits  of  various  R.  &  D. 
programs,  the  result  could  be  a  distortion  of  social  priorities,  if  the 
estimates  are  taken  seriously.  And  if  they  are  not  taken  seriously,  it 
would  be  difficult  to  prove  them  wrong. 

Another  consideration  also  bears  on  this  choice.  As  noted  in  section 
7,  some  studies  have  concluded  that  an  industry's  R.  &  D.  expendi- 
tures have  a  significant  effect  on  its  rate  of  productivity  increase,  but 
that  the  amount  of  federally  financed  R.  &  D.  performed  by  an  indus- 
try seems  to  have  little  or  no  such  effect.  In  part,  this  may  be  due  to 
the  possibility  that  output  measures  in  industries  like  aircraft  are  not 
reliable  measures  of  social  value.  But  it  may  also  be  due  to  a  differ- 
ence in  the  effectiveness  of  federally  financed  and  privately  financed 
R.  &  D.  At  present,  there  is  no  way  to  tell  how  much  of  the  observed 
difference  is  due  to  the  latter  effect;  but  if  it  turns  out  to  be  substan- 
tial, this  would  seem  to  favor  tax  credits  rather  than  increased  Fed- 
eral contracts  and  grants.47 

To  sum  up,  although  selective  forms  of  support  have  obvious  ad- 
vantages (where  they  are  at  all  appropriate),  it  would  seem  that  they 
might  well  be  supplemented  with  more  general  forms  of  support.  Tax 
credits  for  increases  in  R.  &  D.  spending  are  less  objectionable  than  a 
tax  credit  for  R.  &  D.  spending.  Although  there  are  problems  in  de- 

<°  See  Eads  [8]. 

*"  For  an  argument  favoring  the  use  of  tax  credits  for  increments  in  R.  <fc  D.  expenditures, 
see  Boretsky  [3]. 
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fining  E.  &  I),  fond  thus  in  measuring  increases  in  E.  &  D.  expc 
tun  .  credit  for  increases  in  R.  &  I),  spending  might  1"-'  con- 

sidered, if  it  seems  desirable  to  increase  federal  support  ilian 

aology.  If  adequate  measures  were  available  to  guide  elec- 

tive forms  of  support,  perhaps  they  alone  could  do  the  job;  but 
measures  arc  presently  in  their  infancy. 

12.  Major  Considerations  ix  Formxtlating  Programs 

The  choice  of  the  general  type  (or  types)  of  program  is  only  one  of 
many  decisions  that  would  have  to  be  made,  if  some  new  fedei  al  sup- 
port for  R.  &  D.  in  the  private  sector  were  deemed  desirable.  This 
section  takes  up  five  additional  points  concerning  the  formulation  of 
such  a  program.  First,  to  the  extent  that  such  a  program  were  selec- 
tive, there  seems  to  be  a  considerable  amount  of  agreement  among  econ- 
omists that  it  should  be  neither  large  scale  nor  organized  on  a  crash 
basis.  Instead,  it  should  be  characterized  by  flexibility,  small-scale 
probes,  and  parallel  approaches.  In  view  of  the  relatively  small  amount 
of  information  that  is  available  and  the  great  uncertainties  involved, 
it  should  be  organized,  at  least  in  part,  to  provide  information  con- 
cerning the  returns  from  a  larger  program.  On  the  basis  of  the 
information  that  results,  a  more  informed  judgment  can  be  made  con- 
cerning the  desirability  of  increased  or,  for  that  matter,  perhaps  de- 
creased amounts  of  support.48 

Second,  any  temptation  to  focus  the  program  on  economically  belea- 
guered industries  should  be  rejected.  The  fact  that  an  industry  is  in 
trouble,  or  that  it  is  declining,  or  that  it  has  difficulty  competing  with 
foreign  firms  is,  by  itself,  no  justification  for  additional  R.  &  D.  More 
H.  &  D.  may  not  have  much  payoff  there,  or  even  if  it  does,  the  addi- 
tional resources  may  have  a  bigger  payoff  somewhere  else  in  the  econ- 
omy. It  is  important  to  recall  the  circumstances  under  which  the  gov- 
ernment is  justified  in  augmenting  private  R.  &  D.  Practically  all 
economists  would  agree  that  such  augmentation  is  justifiable  if  the 
private  costs  and  benefits  derived  from  R.  &  D.  do  not  adequately 
reflect  the  social  costs  and  benefits.  But  in  many  industries  there  is  little 
or  no  evidence  of  a  serious  discrepancy  of  this  sort  between  private 
and  social  costs  and  benefits.  Indeed,  some  industries  may  spend  too 
much,  from  society's  point  of  view,  on  R.  &  D. 

Third,  except  in  the  most  unusual  circumstances,  the  government 
should  avoid  getting  involved  in  the  latter  stages  of  development  work. 
In  genera],  this  is  an  area  where  firms  are  far  more  adept  than  govern- 
ment agencies.  As  Pavitt  has  put  it.  government  programs  in  support 
of  civilian  technology  "should  be  managed  on  an  incremental,  step-by-: 
step  basis,  with  the  purpose  of  reducing  key  scientific  and  technical 
uncertainties  to  a  degree  that  private  lirms  can  use  the  resulting  knowl- 
edge to  decide  when  (with  their  own  money)  they  should  move  into 
full-scale  commercial  development.48  ''Although  there  may  ho  cases 
where  development  costs  are  so  high  that  private  industry  cannot  ob- 
tain the  necessary  resources,  or  where  it  is  so  important  to  our  national 
security  or  well-being  that  a  particular  technology  he  developed  that 
the  government  must  step  in.  tin  do  not  arise  very  often.  In- 

*s  Some  <>f  the  material  In  this  and  the  next  section  closelv  parallels  parts  of  [271. 
"Pavitt  f4U],  p.  lfi. 
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stead,  the  available  evidence  seem?  to  indicate  that,  when  governments 
become  involved  in  what  is  essentially  commercial  development,  they 

are  not  very  successful  at  it.50 

Fourth,  in  any  selective  government  proa-ram  to  increase  support 
for  civilian  technology,  it  is  vitally  important  that  a  proper  coupling 
occur  between  technology  and  the  market.  Recent  studies  of  Industrial 
innovations  point  repeatedly  to  the  key  importance  of  this  coupling. 
In  choosing  areas  and  projects  for  support,  the  government  should  be 
sensitive  to  market  demand.  To  the  extent  that  it  is  feasible,  potential 
users  of  new  technology  should  play  a  role  in  project  selection.  Infor- 
mation transfer  and  communication  between  the  generators  of  new 
technology  and  the  potential  users  of  new  technology  are  essentia!  if 
new  technology  is  to  be  successfully  applied.  As  evidence  of  their  im- 
portance, studies  show  that  a  sound  coupling  of  technology  and  mar- 
keting is  one  of  the  characteristics  that  is  most  significant  in  distin- 
guishing firms  that  are  relatively  successful  innovators  from  those  that 
are  relatively  unsuccessful  innovators.51 

Fifth,  in  formulating  any  such  program,  it  is  important  to  recog- 
nize the  advantages  of  pluralism  and  decentralized  decisionmaking. 
If  the  experience  of  the  last  25  years  in  defense  R.  &  D.  and  elsewhere 
has  taught  us  anything,  it  has  taught  us  how  difficult  it  is  to  plan  tech- 
nological development.  Technological  change,  particularly  of  a  major 
or  radical  sort,  is  marked  by  great  uncertainty.  It  is  difficult  to  predict 
which  of  a  number  of  alternative  projects  will  turn  out  best.  Very  im- 
portant concepts  and  ideas  come  from  unexpected  sources.  It  would  be 
a  mistake  for  a  program  of  this  sort  to  rely  too  heavily  on  centralized 
planning.  Moreover,  it  would  be  a  mistake  if  the  government  attempted 
to  cany  out  work  that  private  industry  can  do  better  or  more  effici- 
ently. 

13.  Technological  Change  and  Antitrust  Poltcy 

Besides  the  considerations  discussed  in  previous  sections,  it  is  im- 
portant to  point  out  that  our  general  economic  policies  may  have  a 
notable  impact  on  R.  &  D.  and  technological  change  in  the  private 
se<  tor.  Like  other  economic  variables,  the  rate  of  technological  change 
is  influenced  by  the  general  economic  climate  or  environment,  which 
in  turn  is  influenced  by  our  general  economic  policies.  Thus,  our  poli- 
cies regarding  market  structure,  competition,  unemployment,  infla- 
tion, foreign  trade,  and  a  host  of  other  economic  matters  are  important 
in  this  regard.  In  this  section  of  this  paper,  we  take  up  the  effects  of  one 
aspect  of  our  general  economic  policy,  namely,  our  antitrust  policies. 

There  has  been  a  considerable  amount  written  by  economists  con- 
cerning the  effects  of  market  structure  and  antitrust  policy  on  the 
rate  of  technological  change.  Although  we  are  far  from  having  final 
or  complete  an-wers.  the  following  generalizations  seem  warranted, 
based  on  the  available  evidence. 

First,  the  role  of  the  small  firm  is  very  important  at  the  stase  of 
invention  and  the  initial,  relatively  inexpensive  stages  of  R.  &  D. 
Studies  by  Jewkes.  Sawers,  and  Stillerman.  Hamberg,  Mueller,  and 


w  Soe  Eads  and  Nelson  [9].  Pavitt  [49]  reports  that,  according  to  a  recent  study  by 
Ga rdnor.  the  British  government  since  the  Second  World  War  has  recovered  less  than  one- 
tenth  of  its  outlays  on  launching  aid  for  aircraft  and  aircraft  engines. 

a  sop  Froonmn  [121.  Mans-fleld.  Rapoport,  Schnee,  Wagner,  and  Hamburger  [28],  and 
Mansfield,  Rapoport,  Romeo,  Villani,  Wagner  and  Husic  [29]. 
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others52  indicate  that  small  firms  and  independent  inventors  play 
a  large,  perhaps  a  disproportionately  large,  role  in  conceiving  m 

ideas  and  important  inventions.  Further,  although  fid! 
lopmenl  often  requires  more  resources  than  small  linns  command, 
investment  required  for  development  and  innovation  is  seldom  so 
great  or  so  risky  that  only  the  largest  firms  in  an  industry  can  do 
the  innovating  or  the  developing.  Studies  of  the  drug,  coal,  petro- 
leum, and  steel  industries  indicate  that,  in  all  of  these  industries, 
the  firms  that  carried  out  the  most  innovations,  relative  to  their 
size,  were  not  the  biggest  firms.53  Only  in  the  chemical  industry  does 
it  appear  that  the  largest  firm  has  done  the  most  innovating  relative 
to  its  size.54 

The  available  evidence  does  not  seem  to  indicate  that  giant  firms 
devote  more  resources,  relative  to  their  size,  to  inventive  and  innova- 
tive activities  than  their  somewhat  smaller  competitors.  There  seems 
to  be  a  threshold  effect.  A  firm  has  to  be  a  certain  size  to  spend  much 
on  R.  &  D.  (as  defined  by  the  National  Science  Foundation),  but 
beyond  a  certain  point,  increases  in  size  no  longer  bring  a  proportionate 
increase  in  E.  &  D.  expenditures.55  As  would  be  expected,  the  threshold 
varies  from  industry  to  industry,  but  it  appears  that  increases  in 
size  beyond  an  employment  level  of  about  5,000  employees  generally 
do  not  result  in  more  than  proportional  increases  in  innovation  inputs 
or  outputs.  Moreover,  there  is  some  evidence  that  the  biggest  firms 
produce  less  inventive  and  innovative  output,  per  dollar  of  E,  &  D., 
than  smaller  firms. 

Turning  from  size  of  firm  to  industrial  concentration  (which  can 
be  quite  a  different  thing),  most  studies  of  the  relationship  between 
industrial  concentration  and  the  rate  of  technological  change  conclude 
that  a  slight  amount  of  concentration  may  promote  more  rapid  in- 
vention and  innovation.  For  example,  very  splintered,  fragmented 
industries  like  construction  do  not  seem  to  be  able  to  promote  a  rapid 
rate  of  technological  advance.  But  beyond  a  moderate  amount  of 
concentration,  further  increases  in  concentration  do  not  appear  to  be 
associated  with  more  rapid  rates  of  technological  advance.  Thus, 
the  evidence  does  not  seem  to  indicate  that  very  great  concentration 
must  be  permitted  to  promote  rapid  technological  change  and  the 
rapid  adoption  of  new  technologies.56 

Several  other  points  should  be  noted.  First,  new  firms  and  firms  en- 
tering new  markets  play  a  very  important  role  in  the  process  of  tech- 
nological change.  Existing  firms  can  be  surprisingly  impervious  to 
new  ideas,  and  one  way  that  their  mistakes  and  inertia  can  be  overcome 
in  our  economy  is  through  the  entry  of  new  firms.  Second,  cases  some- 
times occur  where  industries  contain  such  small  firms  or  markets  are 
so  fragmented  that  technological  change  is  hampered.  In  such  cases, 
as  we  pointed  out  in  section  2  (in  connection  with  agriculture),  it 
may  be  good  public  policy  to  supplement  the  E.  &  D.  provided  by 
the  private  sector.  Third,  it  is  generally  agreed  by  economists  that  the 
ideal  market  structure  from  the  point  of  view  of  promoting  technolo- 
gical change  is  one  characterized  by  a  mixture  of  firm  sizes.  Com- 

«  See  Jewkes.  Sawers.  and  Stlllerman   [21],  Hamburg  ("IS],  Mueller   [38].  and  Schorer 
[569. 
n  Spp  Man<*flpld  T201  and  Mansfield  et  al.  [28]. 
n*  See  Mansfield  et  al.  [29J.  _ 

»  See  Sr-herer  [5ft].  An  exception  here  la  the  chemical  Industry. 
m  See  Schervr  [50]. 
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plemcntarities  or  intcrdependencies  exist  among  firms  of  various 
sizes.  There  is  often  a  division  of  labor,  smaller  firms  focusing  on 
areas  requiring  sophistication  and  flexibility  and  catering  to  special- 
ized needs,  bigger  firms  focusing  on  areas  requiring  larger  production, 
marketing,  or  technological  resources. 

To  sum  up,  the  available  evidence  does  not  indicate  that  we  must 
permit  very  great  concentration  of  American  industry  in  order  to 
achieve  rapid  technological  change  and  the  rapid  adoption  of  new 
techniques.  Instead,  it  seems  to  suggest  that  public  policy  should  try 
to  eliminate  unnecessary  barriers  to  entry  and  to  promote  competition 
in  American  industry.  At  the  same  time,  it  is  worth  noting  that  the 
effects  of  the  antitrust  laws  are  not  unmixed.  For  example,  the  anti- 
trust laws  may  reduce  the  incentives  of  the  dominant  firm  (or  firms) 
in  an  industry  to  innovate. 

14.  Summary  and  Conclusions 

In  conclusion,  the  federal  government  supports  R.  &  D.  in  the 
private  sector  in  a  variety  of  ways.  In  1974,  the  federal  government 
financed  about  $8  billion  of  R.  &  D.  carried  out  by  firms,  about  $3 
billion  of  R.  &  D.  carried  out  by  colleges  and  universities,  and  about 
$1  billion  of  R.  &  D.  carried  out  by  other  nonprofit  organizations.  (Of 
course,  some  recipients,  such  as  State  universities,  are  not  in  the  pri- 
vate sector.)  Much  of  the  R.  &  D.  performed  by  the  private  sector  for 
the  federal  government  is  directed  toward  technological  change  in 
public  goods  like  defense  and  space  exploration,  not  toward  private- 
sector  problems.  The  rationale  for  federally  financed  R.  &  D.  directed 
at  private  sector  problems  is  generally  that  the  private  costs  and 
benefits  from  R.  &  D.  do  not  adequately  reflect  the  social  costs  and 
benefits.  Besides  its  contracts  and  grants,  the  federal  government  also 
supports  and  encourages  private-sector  R.  &  D.  through  the  patent 
laws,  the  tax  laws,  some  aspects  of  regulation,  the  antitrust  laws, 
federal  programs  to  transfer  technology,  and  its  educational  policies. 
There  is  no  way  to  put  an  accurate  dollar  figure  on  the  amount  of 
support  from  these  activities. 

Due  to  the  inappropriability,  uncertainty,  and  indivisibility  of 
R.  &  D.,  an  under-investment  in  R.  &  D.  may  occur  in  the  private 
sector.  But  this  may  be  offset,  partially  or  fully,  by  oligopolistic 
emphasis  on  nonprice  competition,  by  existing  government  interven- 
tion, or  by  other  considerations.  Based  on  simple  models,  economists 
have  attempted  to  estimate  social  rates  of  return  from  various  kinds 
of  investments  in  R.  &  D.  and  technological  innovation,  both  in  agri- 
culture and  industry.  The  results  seem  to  suggest  that  both  the  mar- 
ginal and  average  social  rates  of  return  have  been  very  high,  and  many 
economists  have  interpreted  these  results  as  evidence  of  a  possible 
under-investment  in  R.  &  D.  However,  these  estimates  suffer  from 
many  important  limitations,  and  should  be  viewed  with  caution. 

There  are  a  variety  of  ways  that  the  government  might  stimulate 
additional  R.  &  D.  in  the  private  sector — tax  credits,  R.  &  D.  contracts 
and  grants,  expanded  work  in  government  laboratories,  loan  insur- 
ance for  innovation,  purchasing  policies  with  greater  emphasis  on  per- 
formance criteria  and  life  cycle  costing,  altered  regulatory  policies, 
and  prizes.  An  important  problem  with  a  general  tax  credit  is  its  in- 
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efficiency ;  an  important  advantage  is  that  it  involves  less  direct  gov- 
ernment controls.  An  important  problem  with  more  selective  support 
mechanisms  is  that  it  is  so  difficult  to  estimate  in  advance  the  social 
benefits  and  costs  of  particular  types  of  R.  &  D.  projects.  In  my  own 
opinion,  if  a  program  of  this  sort  were  started,  a  combination  of 
selective  and  more  general  forms  of  support  would  be  most  effective. 

Although  many  economists  suspect  that  there  may  be  an  under- 
investment in  certain  areas  of  civilian  technology,  there  is  at  the  same 
time  some  concern  that  the  federal  government,  in  trying  to  improve 
matters,  could  do  more  harm  than  good.  In  this  regard,  it  seems  to  be 
generally  agreed  that  any  selective  program  should  be  neither  large- 
scale  nor  organized  on  a  crash  basis,  that  it  should  not  be  focused  on 
helping  beleaguered  industries,  that  it  should  not  get  the  government 
involved  in  the  latter  stages  of  development  work,  that  a  proper  coupl- 
ing be  maintained  between  technology  and  the  market,  and  that  the 
advantages  of  pluralism  and  decentralized  decision-making  be 
recognized. 

In  previous  sections  of  this  paper,  I  have  discussed  (all  too  briefly) 
a  variety  of  policy  alternatives  that  have  been  suggested  for  improv- 
ing the  existing  federal  posture  concerning  civilian  technology,  as  well 
as  the  broad  issues  that  bear  on  the  relative  desirability  of  many  c: 
these  policy  alternatives.  Perhaps  the  most  important  point  to  empha- 
size in  this  connection  is  the  extent  of  our  ignorance  and  uncertainty. 
There  sometimes  is  a  tendency  to  slur  over — or  perhaps  not  to  recog- 
nize— the  fact  that  very  little  really  is  known  concerning  the  effects 
of  many  of  these  policy  alternatives,  or  concerning  the  desirability 
of  their  effects.  (Indeed,  in  some  areas,  no  one  really  knows  how  to 
study  these  questions  effectively,  let  alone  provide  answers  here  and 
now.)  Given  the  current  uncertainties,  it  would  seem  wise  to  proceed 
with  considerable  caution,  and  to  build  into  any  program  the  capacity 
and  necessity  to  resolve  many  of  the  key  uncertainties  before  too  big 
a  commitment  is  made. 

Finally,  it  is  important  to  recognize  that  the  nation's  basic  economic 
policies  may  have  a  notable  impact  on  R.  &  D.  and  technological 
change  in  the  private  sector.  Technology  policy,  after  all,  must  be 
integrated  with  and  viewed  in  the  context  of,  our  overall  economic 
policy.  With  regard  to  antitrust  policy,  which  is  an  important  ele- 
ment of  our  basic  economic  policy,  the  available  evidence  does  not 
indicate  that  we  must  permit  very  great  concentration  of  American 
industry  to  achieve  rapid  technological  change  and  the  rapid  adoption 
of  new  techniques. 
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